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METHOD AND DEVICE FOR REDUCING SMEAR 
IN A ROLLED FINGERPRINT IMAGE 

5 Backgro und of the Invention 

The invention relates to electronic fingerprint 
image capture systems, and, in particular, to a method of 
reducing smearing in a captured rolled fingerprint image. 

The traditional method of obtaining a fingerprint 

10 image is to first apply ink to a subject's finger, and 
then to transfer the fingerprint pattern of ridges and 
valleys to a piece of paper by pressing the finger to the 
paper. The fingerprint pattern of ridges transfers to 
the paper, while the valleys do not. To obtain a rolled 

15 fingerprint image, a side of an inked finger is placed in 
a designated area of the paper and then the finger is 
rolled to its other side on the paper. 

Opto-electronic systems can capture a rolled 
fingerprint image without the use of ink. Typically, a 

20 series of optical images of a rolling finger on an 

imaging surface are propagated from an imaging device and 
converted to digital data. A variety of methods can be 
used to generate a rolled fingerprint image from the 
digital data representative of the series of images. One 

25 method is disclosed in U.S. Patent No. 4,933,976. 
According to this method, the propagated images are 
sequentially stored in the form of digital arrays of 
image data. Active areas of the arrays representative of 
fingerprint features are identified as a mathematical 

30 function of the stored image data. If adjacent two- 
dimensional active areas have sufficient overlap, then > 
they are merged according to a mathematical function of 
the data in the overlap region to form a composite array 
characteristic of the rolled fingerprint image. The 
35 mathematical function in the composite array generating 
step is an average, a comparison or an average and a 
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comparison of the overlapping data in adjacent active 
areas . 

Another method is used in the model TP-600 system, 
produced by Identix, Inc. of Sunnyvale, California. The 
5 TP-600 includes an optical system having a large- charge 
coupled device (CCD) imager that accommodates the entire 
imaging surface of an optical platen. The CCD output is 
an analog signal characteristic of light and dark 
patterns on the imaging surface. When a finger is placed 

10 on the platen, the analog signal has lower values 

(darker) for fingerprint ridge information and higher 
values (lighter) for fingerprint valley information, 
similar to what occurs when ink is used for 
fingerprinting. The analog signal is applied to an 

15 analog-to-digital (A/D) converter, the output of which is 
digital image data used to update the content of an array 
in image memory by means of a minimum function. Each 
element in the array initially has a value that 
represents the light intensity imaged at a corresponding 

20 location on the platen. As the finger is rolled across 
the imaging surface of the platen, the data in the image 
memory is developed and updated. 

The minimum function operates by preserving pixel 
values in image memory that are lower than the 

25 corresponding values of the incoming image data. If the 
value of the current image data is lower than the 
corresponding pixel value in image memory, then the lower 
image data value displaces the higher value in the array. 
Thus, for every location where a finger ridge contacts 

30 the imaging surface a lower pixel value (darker) is 

preserved in image memory. The contents of image memory 
are output to peripheral devices for storing a captured 
rolled fingerprint image and for real-time display of the 
developing rolled fingerprint image. 
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While using the minimum function method of 
acquiring a rolled print by saving the darkest intensity 
value will produce a good quality print, free of 
recognizable artifacts, and will be insensitive to the 
i speed with which the finger is rolled, some areas of the 
print tend to have a smeared characteristic, reducing the 
differentiation between ridges and valleys. This effect 
occurs where the finger slides on the imaging surface 
while still in contact. The smearing often occurs at the 
tip of the finger and at the edge of the contacting area. 
The use of tacky coatings on the contact surface reduces 
overall slippage, but the rounded geometry of the finger 
makes tip smear a continuing problem. While smearing is 
found in inked prints as well as those obtained by the 
opto-electronic system, it would be advantageous for the 
opto-electronic systems to improve the clarity of the 
image in the areas in which slip occurs. 

Summary of h he Invent- -ion 
The invention provides a method of reducing smear 
in a rolled fingerprint image represented by a rolled 
image array. The method includes the step of generating 
a series of frames of an optical image signal, wherein 
the optical image signal includes data characteristic of 
light intensities of corresponding locations of an 
optical image, wherein the optical image includes a 
fingerprint image of a finger rolling on a surface. The 
method also includes determining, for each frame of the 
optical image signal, a freeze column representing a line 
positioned between leading and trailing edges of the 
fingerprint image and oriented transverse to a direction 
of roll of the finger. The method further includes 
sequentially updating an interim array that is an 
accumulation of the frames of the optical image signal 
and characteristic of an interim image of a rolled 
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fingerprint. A current update of the interim array is 
formed by reducing pixel values of the interim array with 
a portion of the difference between the corresponding 
data values from the current frame of the optical image 
5 signal and the pixel values of the interim array. only if 
the corresponding data values of the current frame of the 
optical image signal are less (characteristic of darker 
features) than the corresponding pixel values of the 
interim array. The rolled image array is generated by 
10 transferring portions of the interim array to the rolled 
image array in concert with the movement of the finger 
image in the optical input signal. 

During each update cycle, a new freeze column is 
determined at a position near a midpoint of a finger 
15 contact area which in turn is determined from the leading 
and trailing edges of the fingerprint image associated 
with a current frame of the optical image signal. The 
rolled image array may be initialized with a trailing 
portion of a current interim array, the trailing portion 
20 being interim array data behind a current freeze column 
in a direction of finger roll. Each time a new freeze 
column is determined by a processor in the system, 
current interim array data between the current freeze 
column and the previous freeze column is transferred to 
25 the rolled fingerprint image array. Alternatively, 

current interim array data between the previous freeze 
column and data characteristic of the leading edge of the 
rolled fingerprint in the interim image is transferred to 
the rolled fingerprint image array each time a new freeze 
30 column is determined. In both cases, the trailing 

portion of the interim array behind the previous freeze 
column is not used to further update the rolled image 
array. Thus, the data in the rolled image array is 
frozen behind a freeze column that moves in the direction 
35 of finger roll and smearing in the rolled fingerprint 
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image due to finger movement behind that column is 
eliminated. 

In addition to eliminating smear in the rolled 
fingerprint image behind the freeze column, the invention 
preserves the benefits provided by the minimum function 
in merging a series of frames of the image data signal. 

Brief Description nf the nrauing 
The accompanying drawings, which are incorporated 
and constitute a part of the specification, schematically 
illustrate an embodiment of the invention and, together 
with the general description given above and the detailed 
description of the embodiments given below, serve to 
explain the principles of the invention. 

Pig. 1 is a perspective view of an image capture 

15 device . 

Fig. 2 is a diagrammatic illustration of the prior 
art rolled fingerprint optical imaging system of the 
image capture device illustrated in Fig. l. 

Pig. 3 is a functional block diagram of the image 
20 capture device of Fig. l. 

Fig. 4 is a functional block diagram of a portion 
of the image capture device of Fig. i. 

Figs. 5A-E illustrate a series of optical images 
of a finger rolling on a platen. 
25 Fig S . 6 A - 6E illustrate a series of images 

represented in the image memory shown in Fig. 3 by an 
interim data array. The images temporally correspond 
with the images illustrated in Figs. 5A-5E, respectively. 
Pigs. 7A-7E illustrate a series of images 
30 represented in output DRAM by a rolled fingerprint image 
array. The images temporally correspond with the images 
illustrated in Figs. 6A-6E, respectively. 

Figs. 8A-8E illustrate a series of images 
represented in display VRAM by a rolled fingerprint image 
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array. The images temporally correspond with the images 
illustrated in Figs. 6A-6E, respectively. 

Detailed Description of the Invention 
A smear reduction method for reducing thq effects 
5 of smearing in rolled fingerprint images is provided. 
Referring to Fig. 1, the smear reduction method may be 
incorporated into the operation of a model TP- 600 
fingerprint capture device 10, manufactured by Identix, 
Inc., the assignee of the subject matter of this 
10 application. 

The TP- 600 includes separate imaging systems for 
obtaining a rolled fingerprint image and for obtaining a 
plain, or slap image. The plain fingerprint imaging 
system 12 produces an analog signal representing the 
15 image of one or more fingers pressed to a plain print 
platen 14, and a rolled fingerprint imaging system 16 
that- produces an analog signal representing the image of 
a finger 18 being rolled across a rolled print platen 20. 
Referring now also to Fig. 2, .each imaging system 
20 includes an illumination source 22, optics 24, and a 

large CCD imaging device 26 that accommodates the entire 
image from the platen surface. In the described 
embodiment, the CCD imaging device 26 for the rolled 
fingerprint image is a model TC217 CCD imaging array, 
25 available from Texas Instruments, Inc. of Dallas, Texas. 
Although only one mirror is shown in Fig. 2, optics 24 
actually includes a combination of prisms, mirrors, and 
lenses selected and arranged to bring the image from the 
platen surface to the CCD imaging device 26. The plain 
30 print platen 14 is wider than the rolled print platen 20 
to accommodate four fingers rather than one finger on its 
surface, and its optics 24 are arranged differently to 
accommodate the larger imaging surface. The purpose of 
each system is to present a fingerprint image at the 
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surface of a CCD imaging device when a finger is applied 
to the imaging surface of the platen. 

Referring now to Pig. 3, the output of the CCD 
imaging device 26 is an analog signal 32 which is applied 
to an image capture system 28. The illumination, and 
imaging, and the CCD output convention employed present 
an image signal that has lower values (darker) for ridge 
information and higher values (lighter) for valley 
information. 

A processor 30 is used to manage the transport of 
data between and through each functional element of the 
system and to perform other "housekeeping" functions such 
as writing text to an image display monitor 60 in the 
image display and output system 34, intercepting switch 
15 closures and performing system start-up and shut-down 
operations. As will be described in greater detail 
below, the processor 30 also actively manages the 
processing of image data as the finger is rolled on the 
platen surface in forming a rolled fingerprint image. 
20 For the described embodiment, a graphic processor 
manufactured by Texas Instruments, Inc., part number 
TMS34020, is used. This particular processor supports 
special functions for processing two-dimensional arrays 
in memory. A copy of the source code in C language for 
operating the TP-600 is included in the microfiche 
appendix . 

Referring now also to Pig. 4, the analog signal 32 
from the CCD imaging device 26 of the imaging system 16 
is applied to an analog- to-digital (A/D) converter 36 

30 that is part of image capture system 28. Because the 
illumination of the fingerprint is not uniform in the 
scanner, the data values of the A/D output digital data 
35 are individually scaled by an equalization look-up 
table (Equ LUT) 3 8 according to table values stored in 

35 the equalization memory (Equ DRAM) 40. The stored 



25 



WO 97/41528 



PCT/US97/07427 



- 8 - 

* 

reference values correspond to an image of the surface of 
a blank platen 20, smoothed to eliminate noise and 
surface contamination . 

The output from Equ LUT 38 is an optical image 
5 signal 42 in the form of a stream of digital datqt that 
can be grouped in frames. The data have values which are 
characteristic of the light intensity of corresponding 
locations of the imaging surface of the platen 20. Each 
frame corresponds to an image of the platen at a 
10 different time. The data values are updated about 
fifteen times a second- Thus, about 25-35 frames of 
optical image signal 42 are generated during the time it 
takes for the finger 18 to roll across the surface of the 
platen 20. 

15 The optical image signal 42 is used to update the 

content of an image memory 44, which holds a 968 X 968 
pixel interim data array, by means of a functional 
element identified as a "minimum function" look-up table 
(Min LUT) 48. This size array is sufficient to produce 

20 an image with a resolution of 600 dots per inch. The 
inputs to Min LUT 48 are the A/D converter output 35 as 
modified by Equ LUT 38, which is the current optical 
image signal 42, and the corresponding old interim data 
array pixel values 46 which are to be updated. The 

25 "latest value" is input from the current frame of optical 
image signal 42 and the "old value" is input from the 
current interim data array, as most recently updated by 
the previous frame of optical image signal 42 . 

In the simplest implementation, the Min LUT 48 

30 computes F n 1# j# the new pixel value 49 of the interim data 
array at row i and column j , as a minimum, F n i#j = 
min(I n l#j , P n l i# j) # where I n is the input datum value of the 
nth frame from the Equ LUT 38 and F*" 1 !^ is the feedback 46 
from the image memory 44 from the preceding frame. The 

35 output signal 49 of Min LUT 48, for each pixel of interim 
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data array, is the lower value of its two inputs, as 
suggested by its name. For each datum output by the A/D 
converter 36 (as modified by Equ LUT 38 to form optical 
image signal 42), the corresponding pixel of interim data 
5 array in the image memory 44 is updated. 

It is not necessary to store the digital data 35 
output from A/D converter 36 and the optical image signal 
42 from Equ LUT 38 as arrays before being processed by 
Min LUT 48. The values of output data 49 from Min LUT 48 
10 used to update the interim data array depend only on the 
corresponding datum values of the optical image signal 42 
and on the old corresponding pixel values 46 of interim 
data array. For every location where a finger ridge 
contacts the imaging surface of the platen 20, a lower 
15 pixel value (darker) is preserved. The result of this 
technique is that as the finger 18 is rolled across the 
imaging surface of platen 20, an interim rolled 
fingerprint image is constructed in image memory 44. 
This process has been found to eliminate artifacts such 
as fingerprint features or discontinuities that are not 
part of the true fingerprint. 

When performing a capture of a rolled fingerprint 
image, the interim data array in image memory 44 must be 
initialized since feedback is involved. One way to 
initialize image memory 44 is to set all the pixel values 
to a maximum value . Then the interim data array in image 
memory 44 will immediately reflect any data that is input 
in the next frame. In another embodiment, interim data 
array can be initialized by setting up Min LUT 48 as a 
straight -through function such that its output is the 
same as the optical image signal 42 input from the Equ 
LUT 38. The first frame of optical image signal 42 can 
then update the image memory 44 independently of what is 
already stored. 
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As the finger 18 is rolled, the edges of the 
contact area of the finger on the platen may move fairly 
rapidly with respect to the frame update rate. This may 
cause some discontinuities to occur between the 
5 interlaced fields of the video. Similarly, the tip of 
the finger often slides as it contacts the platen, 
causing discontinuities. To resolve this problem, the 
function loaded into the Min LUT 48 can be modified from 
a strict minimum such that when the input datum value I n 

10 is less than the previous interim array value F n the 
interim array value is reduced by a portion of the 
difference, F n * F" 1 " 1 - K* (F 1 * 1 - I n ) , where K is a factor 
less than or equal to one that sets how fast the value in 
a pixel may change. Noticeable improvement in the image 

15 quality can be obtained with K in a range of 0.25 to 0.5. 
For the described embodiment, K is set to approximately 
0.33. This function causes the conditions of concern to 
appear as gray smears instead of jagged discontinuities, 
since the conditions are often only present for a small 

20 number of frames. 

The Min LUT 48 has a 64 Kb x 8 SRAM and registers 
to pipeline the input and output. A 64 Kb address space 
requires 16 address lines. The two 8-bit inputs to the 
Min LUT 48 are tied to 8 address lines each. Thus, for 

25 each set of the two input values there is one 

corresponding location in the SRAM which contains the 
desired value to be output. This implementation is very 
unrestrictive, since any function can be implemented in a 
tabular form. The different functions to be used in the 

30 Min LUT 48 are typically precomputed and stored in a Main 
DRAM 54 and then loaded into the SRAM when needed. 

Image memory 44 includes two redundant memories, 
Min DRAM 50 and Catch VRAM 52 . They independently and 
simultaneously hold the same interim data array for 

35 transfer to image display and output system 34. Image 
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display and output system 34 includes a main output 
memory 54 (located in Main DRAM) and a display memory 56 
(located in Display VRAM) that receive data transferred 
by processor 30 from Min DRAM 50 and Catch VRAM 52, 
respectively. The display memory 56 is used to provide 
information to the operator in real-time. The display 
memory 56 receives image information along with 
fingerprint placement cursors and text information 
providing instructional information to the operator. The 
display memory 56 typically contains less information 
than that contained in image memory 44 or output memory 
54 for reasons of data efficiency, display raster size, 
and other display limitations. The output memory 54 does 
not contain text information and finger placement cursor 
15 information. This memory contains all the high quality 
image data. 

The interim data array in image memory 44 
represents an interim rolled fingerprint image, and could 
be transferred in its entirety with each frame to output 
memory 54 or display memory 56 to form a rolled 
fingerprint image array. This is the method of the prior 
art TP-600. However, if the finger 18 slips on the 
imaging surface of the platen 20 when the interim data 
array is being formed, then the rolled fingerprint image 
will appear smeared, similar to what happens with the ink 
and paper method of obtaining a rolled fingerprint image. 
The smear reduction method of the invention reduces 
smearing in the rolled fingerprint image by transferring 
to output memory 54 and display memory 56 only a selected 
portion of the interim data array 46 with each video 
frame. 

Typically, an operator will preview the finger 
image prior to entering a capture mode to obtain the 
rolled fingerprint image, in order to place the finger 
35 20 properly on the platen 18, it is helpful to be able to 
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center the finger while viewing the image of the finger 
on a display monitor 60. The operator sets Min LUT 48 to 
the straight -through function and rolls the finger to one 
side to prepare for the capture of the rolled image. The 
5 image displayed is then not a rolled image but a . direct 
image of the finger 18 on the platen 20. Since the 
capture mode is entered after a scan button is pressed, 
the data in the image memory 44 at the end of the preview 
mode serves to initialize that memory for the capture. 

10 Referring now to Fig, 5A, the first frame of 

optical image signal 42 after capture mode is entered 
represents an optical image 62a of the surface of the 
platen 20, including an image of contact area 64a of the 
finger 18 on platen 20. (The cross-hatching in the 

15 drawing indicates fingerprint features.) In Fig. 5B # 
contact area 64b is to the right of the location of 
contact area 64a, indicating that the finger 18 has 
rolled to the right. The contact area 64 continues to 
move incrementally to the right in Figs. 5C and 5D. In 

20 Fig. 5E, the contact area 64e has shrunk in size from 
previous contact area 64d, as the finger 18 is lifted 

from the platen 20. 

As the capture mode is entered, the Min LUT 48 is 
restored to the modified minimum function, as described 

25 above. Referring now also to Fig. 6A, the most recent 
frame of optical image signal 42 that was passed through 
Min LUT 48 becomes an initial frame of interim data 
array, which is characteristic of an interim image 66a 
that includes interim rolled fingerprint image 68a. 

30 Interim rolled fingerprint image 68a, in this embodiment, 
is the same as the corresponding contact area 64a 
illustrated in Fig. 5A. Alternatively, interim data 
array can be initialized with all high pixel values, 
indicative of a blank, illuminated platen (not shown) . 

35 Min LUT 48 can then update interim data array using the 
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modified minimum function, with a first frame of optical 
image signal, represented by optical image 62a, as one 
input and corresponding pixel values of the "blank" 
interim data array as the other input. The resulting 
interim data array is essentially the same in either 



case. 



The interim data array is next updated when the 
second frame of optical image signal 42, represented by 
optical image 62b in Pig. SB, is processed through Min 
10 LOT 48 with corresponding pixel values 49 of the interim 
data array, represented by the previous interim image 
66a. The updated interim data array is now 
characteristic of an interim image 66b that includes 
interim rolled fingerprint image 68b, illustrated in Fig. 
15 6B. Similarly, Pig. 6 C illustrates interim image 66c and 
interim rolled fingerprint image 68c, which are 
represented by interim data array in image memory 44 
after being updated with the next frame of image signal 
42, which is represented by optical image 62c, 
20 illustrated in Pig. SC. Pigs. €D and 6E illustrate 
respective interim images 66d, 66e and interim rolled 
fingerprint images 68d, 68e represented by subsequent 
updates to interim data array. 

Contact area detection can be done in many ways . 
25 One method is to finely segment the optical image signal 
42 and then compute the variance of the data values in 
each of the segments. A segment with a small variance is 
considered to have no contact. Another way is to 
threshold each data value and to consider it contacted 
30 when' the value drops below a fixed level . This is 

acceptable when the image background is equalized by Equ 
LOT 38 since then a fixed level corresponds to a 
consistent degree of contact across the complete image. 
The bottom or tag bit (bit 0) of interim data 
35 array in image memory 44 is allocated to the function of 
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indicating contact. Since Min LUT 48 is completely 
flexible as to what is programmed into it, the function 
for the tag bit 0 may be handled separately from bits 1- 
7. The tag bit is set to 1 if the input value to Min LUT 
5 48 from optical image signal 42 is less than a threshold 
T. The information reflecting the contact area 64 is 
thus available in the tag bit 0 of the Min DRAM 50 and 
Catch VRAM 52 as a binary images 70a-70e, which have 
outlines indicated in Figs 6A-6E, respectively, by dashed 

10 lines. The accumulated gray-scale interim images 66a- 66e 
are available in the upper bits 1-7 of the Min DRAM 50 
and in the Catch VRAM 52 of image memory 44. It will be 
understood that the processor 30 can determine the binary 
images 70a-70e even when Min LUT 48 is in preview mode in 

15 which the optical image signal is passed through to image 
memory 44 . 

The contact area 64 of the fingerprint represented 
by each frame of optical image signal 42 can be modeled 
most simply by a contact strip 72, with a left edge 74 

20 and a right edge 76. The contact area 64 usually has a 
convex perimeter, but we have found it acceptable to 
consider contact strip 72 to be rectangular -shaped, with 
the left edge 74 as the column at the left -most edge of 
the contact area 64 and the right edge 76 as the column 

25 at the right -most edge of the contact area 64. The 
processor 30 determines the right edge 76 and left 
edge 74 of the contact strip 72 from binary contact 
image, generally referred to by reference numeral 70, in 
the Catch VRAM 52. This is done in a time frame 

30 comparable to the frame update rate in order to keep up 
with the rolling finger. 

One way to determine the contact strip 72 is to 
examine one row of tag bits across the center of the 
binary contact image 70. The left-most tagged pixel is 

35 found by searching for the first tagged bit in the row 
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from the left edge of interim data array, and the right- 
most tagged pixel is found by searching for the first 
tagged bit in the row from the right edge of interim data 
array. The left edge 74 and right edge 76 of the contact 
5 strip 72 are then identified with the left-most tagged 
pixel and the right-most tagged pixel. 

Dirt or contaminants present on the platen 20 can 
cause isolated pixels out of the contact area 64 to be 
tagged in forming the binary contact image 70. The 
10 fingerprint is composed of ridges which may align with 
the line being checked such that a valley will confuse 
the location of an edge. These problems can be reduced 
by examining a vertical band 78 that includes a number of 
horizontal lines near the center of the binary contact 
15 image 70. For example, a vertical band 78 of 10 lines 
spaced' 4 lines apart across the middle of the binary 
contact image 70 can be used. 

Using only the left-most tagged pixel as the left 
edge 74 of the contact strip 72, even when using more 
than one line near the center of the binary contact image 
70, can still be too sensitive to the presence of dirt 
and falsely indicate contact or distort the finger image 
at the edges of the contact area 64. To mitigate this 
problem, in one embodiment, a number of tagged pixels are 
counted from the left side of the binary contact image 70 
before establishing a column as the left edge 74 of the 
contact strip 72. The processor 30 determines the right 
edge 76 of the contact strip 72 in a similar procedure. 
The left and right edges 74, 76 of the contact strip 72 
30 are established as the 10th tagged pixel in from the 
outside edges. 

The processor 30 supports a special mode which 
allows processing operations to be performed during a 
two-dimensional block transfer. One of the operations is 
35 a logical OR. Thus a number of rows may be transferred 



20 



25 



WO 97/41528 



PCT7US97/07427 



- 16 - 



to one final row while performing a logical OR. The 
destination row thus provides an indication of the 
contact strip over a band 78 instead of a single line. 

By identifying the contact strip 72, the processor 
5 30 is able to perform several other new functions- It 
keeps track of the left edge 74 and right edge 76 of the 
contact strip 72, and determines when the finger 18 is 
placed upon the blank platen 20, when the finger 18 is 
rolled and in what direction, and when the finger 18 is 
10 lifted from the platen 20. 

When the finger 18 is initially placed on the 
blank platen 20, the left edge of the finger contacting 
the platen will be beyond the right edge in a direction 
from right to left. As the finger 18 is placed down, the 
15 contact strip 72 will have a positive width between the 
right edge 76 and the left edge 74. As long as the left 
edge 74 of the contact strip 72 keeps going left and the 
right edge 76 of the contact strip 72 keeps going right, 
it can be considered that the finger 18 is still in the 
20 process of being placed on the platen 20, with the 

contact strip 72 growing. If the finger 18 is already on 
the platen 20, the contact strip 72 will start at a 
positive value. This is the most common situation, when 
the preview mode is used to place the finger 18 and roll 
25 it back to the starting position. The finger 18 usually 
is not raised again before the capture mode is started. 

The processor 30 determines that the rolling of 
the finger 18 has begun when one edge of the contact 
strip 72 starts to go inward instead of outward. For 
30 example, when the left edge 74 starts to go right, as 
illustrated in Figs. 6A-6D, the processor 30 determines 
that the finger 18 is being rolled right, in which case 
the right edge 76 is the leading edge and the left edge 
74 the trailing edge of the rolling finger. If, instead, 
35 the right edge 76 begins to go left, the processor 30 
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determines that the finger 18 is being rolled left, in 
which case the left edge 74 is the leading edge and the 
right edge 76 is the trailing edge of the rolling finger 
A small tolerance for jitter is allowed by determining 
5 that rolling is begun when the left edge 74 (or right 
edge 76) of the contact strip 72 moves back from its most 
extreme position by a small number of pixels, nominally 
5. If the left edge 74 is moving right and the right 
edge 76 moving left for a predetermined number of frames, 

10 then the processor 30 determines that the finger 18 is 
being lifted from the platen 20. 

The processor also determines from each frame of 
image signal 42 a freeze column 80 which corresponds with 
a position in the contact area 64, or binary image 70, 

15 located between the left edge 74 and right edge 76 of the 
contact strip 72 for each frame. In one embodiment, the 
freeze column 80 corresponds to a position located 
approximately half the distance from the trailing edge to 
the leading edge. In another embodiment, the freeze 

20 column corresponds to a position located more than half 
the distance from the trailing edge to the leading edge. 

Instead of transferring the entire interim data 
array to output memory 54 only after the finger 18 is 
finished rolling across the image platen 20, as was done 

25 with prior art embodiments of the TP- 600 device, the 
porocessor 30 transfers a portion of the interim data 
array to output memory with each new frame as the finger 
rolls. The processor 30 ceases to update a portion of a 
rolled fingerprint image array in output memory 54 behind 

30 the freeze column determined from the preceding frame of 
optical image signal 42. The freeze column 80 moves in 
increments from frame to frame with the right and left 
edges 76, 74 of the contact strip 72 in the direction of 
roll. Since the data in the developing rolled 

35 fingerprint image array behind the freeze column 80 is 
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not updated, any image smearing that develops in a 
trailing portion of the interim image 62 represented by 
the interim data array does not show up in the rolled 
fingerprint image array. 
5 Referring now to Fig. 7A, an output rolled 

fingerprint image array in output memory 52 is 
initialized with high pixel values indicative of a blank 
background 82a. Referring now also to Fig. 7B, when the 
finger 18 starts to roll, the processor 30 updates the 
10 output rolled fingerprint image array in output memory 54 
by transferring a trailing portion of interim data array 
from image memory 44. The trailing portion can be, e.g., 
the trailing portion of interim data array characteristic 
of interim image 66b, starting with a column 
15 corresponding to the trailing edge 74 of the contact 
strip 72, up to and including the freeze column 80 
determined from the current optical image signal. Output 
rolled fingerprint image array at this point is 
indicative of rolled fingerprint image 82b, which 
20 includes transferred portion image 84b. As the finger 18 
rolls, the processor 30 updates the output memory 54 to 
keep up with the position of the approximate center of 
the moving contact strip 72. 

Each subsequent update to the rolled fingerprint 
25 image array in output memory is a portion of interim data 
array block- transferred from image memory 44. In one 
embodiment (see Figs. 8A-8E and related discussion 
infra) , the transferred portion of a current interim data 
array is characteristic of the interim rolled fingerprint 
30 image 68 up to approximately the leading edge, i.e., up 
to a column of the interim data array corresponding to 
the leading edge of the current contact strip 72 . In 
another embodiment illustrated in Fig. 7C-7D, the 
transferred portion of the current interim data 
35 array from image memory 44 is narrower, and extends only 
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up to approximately the freeze column 80 of the current 
optical image signal. Fig. 7C illustrates output rolled 
fingerprint image 82c, with transferred portion image 
84c, after a corresponding portion of the current update 
5 of interim data array (see Fig. 6C) is transferred to the 
output rolled fingerprint image array. The transferred 
portion of interim data array in this instance includes 
all data to the right of freeze column 80b, i.e. in the 
direction of finger roll, up to and including freeze 
10 column 80c. Similarly, output rolled fingerprint image 
82d, illustrated in Fig. 7D, is represented by the output 
rolled fingerprint image array subsequent to a portion of 
a subsequent update and interim data array (see Fig. 6D) 
being transferred. The transferred portion includes all 
15 data to the right of freeze column 80c up to and 
including freeze column 80d. 

For the final update to the rolled fingerprint 
image array in output memory 54, the transferred portion 
extends from a column of interim data array corresponding 
20 to the freeze column determined, from the preceding 

optical image signal 42 to at least the column of interim 
data array corresponding to the most extreme position of 
the leading edge of the contact strip 72. In all cases, 
the transferred portion of the current interim data 
25 array is characteristic of the interim rolled fingerprint 
image 68 forward from the line represented by the freeze 
column 80 derived from the preceding optical image signal 
42. For example, the final transferred portion, 
characteristic of transferred portion image 84e 
illustrated in Fig. 7E, is data interim data array which 
is characteristic of a portion of interim image 66e 
forward in the direction of finger roll from the previous 
freeze column 84d. 

Thus, the processor 30 freezes the output memory 
35 54 behind the moving freeze column 80, which is 
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characteristic of a vertical line corresponding to the 
approximate center of the moving contact strip 72 . No 
updating of the output memory 54 occurs behind that line. 
While this does not eliminate tip smear, it reduces it by 
5 about 50-60%. The smearing in the main part of the 

fingerprint due to the movement of the back edge of the 
• finger is eliminated. Since smear can still occur 
between the leading edge and the freeze column 80, the 
method can be improved by setting the freeze column 80 at 
10 a position closer to the leading edge, nominally five- 
eighths (5/8) of the distance between the trailing and 
leading edges. 

The processor 30 tracks the progress of the 
leading edge of the contact strip 72, which is the right 
15 edge 76 in the embodiment illustrated in Figs. 5-7. When 
the leading edge retreats from its farthest position by a 
selected number of columns as the finger 18 is lifted 
from the platen 2 0 , the processor 30 determines that the 
capture is completed, performs the final update to the 
20 output memory 54, and ceases to update the rolled 

fingerprint image array in output memory 54 any further. 
This prevents smear as the finger 18 is lifted from the 
platen 20. Thus, when the finger 18 lifts from the 
platen 20 or rolls backwards, the processor updates the 
25 output memory 54 with the forward portion of the interim 
data array and ceases any further updates. 

It is important to note that the processor 30 only 
passes though a portion of the contents of the image 
memory 44 to the output memory 54 at any time. This 
30 portion corresponds to a narrow strip of the interim data 
array located adjacent to, but not overlapping with, the 
freeze column defined by the previously passed through 
data. It is also worth noting that the data used to 
update the output memory 54 is not representative of a 
3 5 raw fingerprint image. Rather, the transferred data is 
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representative of the interim rolled fingerprint image 68 
produced by the Min LUT 48 in that narrow strip 84 since 
the finger 18 began to roll. 

A rolled fingerprint image is displayed as it is 
5 captured. The processor moves data to the display memory 
(VRAM) 56 from the Catch VRAM 52 in image memory 44. The 
data is then converted to video format through a digital- 
to-analog converter (D/A) 58 and output to display 
monitor 60. In the embodiment depicted in Pig. 4, the 

10 display monitor has a display area formed by a 720 X 720 
pixel array. The processor 30 decimates the image by one 
pixel column out of four and one row out of four during 
the transfer from the Catch VRAM 52 to the Display VRAM 
56 to fit the image into the display format. 

15 Referring now to Pigs. 8A-8E, the processor 30 

updates the display memory 56 (in the reduced format 
described above) from the image memory 44 while the 
finger 18 rolls on the platen 20 to generate a display 
rolled fingerprint image array characteristic of a 

20 display rolled fingerprint image 86. As the finger 18 is 
being placed down, i.e. in preview mode, the entire 
interim data array, characteristic of interim image 66a 
(which is the same as optical image 62a), is transferred 
to display VRAM 56 and displayed "live." In Fig. 8A, the 

25 live image is image 86a. As discussed above, when the 
capture mode is entered the data in interim data 
array representative of the contact strip 72 between the 
left and right edges 74, 76 of the binary contact image 
70 is updated. When the finger begins to roll, a portion 

30 of the data in interim data array from Catch VRAM 52, 
which is representative of the strip behind the current 
freeze column 80b relative to the direction of finger 
roll, is transferred to display rolled fingerprint image 
array. This strip, shown in Fig. 8B as strip image 88b, 
35 extends to the far left edge of interim image 66b and is 
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therefore representative of areas of the platen surface 
that are not contacted by the finger 20. Thereafter, the 
portions of data from the interim data 

array representative of a strip of interim image 66 just 
5 adjacent to, but not overlapping with the previous freeze 
column 80b, 80c, respectively, and up to the leading edge 
74 of the contact strip 72 are transferred from the Catch 
VRAM 52 to Display VRAM 56. These strips are illustrated 
in Figs. 7C and 7D as strip images 88c and 88d, 
10 respectively. This maintains a complete image 86c, 86d, 
respectively, of the developing rolling fingerprint image 
in the display rolled fingerprint image array in Display 
VRAM 56. Referring now also to Fig. 8E, when the capture 
is deemed complete, the portion of the interim data 
15 array representative of the forward strip 88e of the 

interim image 66e, from the previous freeze column 80d to 
the far forward edge of the interim data array is 
transferred to the display VRAM 56. This last update may 
also include data representative of areas to the far 
20 right edge of the platen 20 not contacted by the finger 
18. Each update is a portion of interim data array that 
has been processed by the minimum function 48. 

Many variations of the display method can be 
implemented with corresponding differences in the display 
25 quality. For example, whether to update blank areas to 
the right and left of the contact area, or whether to 
update from the output image memory or the catch memory, 
are options that can be traded-off for processing 
efficiency. Another alternative is not to display 
30 anything forward of the current freeze column 80, for 
example, if the processing time is needed. 

After the capture is complete, the operator 
presses a button to either reject the print or save the 
print. If the print is saved, the background can be 
35 whitened out to present a cleaner image. This is 
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accomplished by comparing the output image with the image 
remaining on the platen. It is assumed that the operator 
has lifted the finger before pressing the save button. 
If a pixel value in the output image is below a 
5 corresponding value of a remanent image (i.e. the image 
of the platen without the finger) by a selected fraction 
(e.g. approximately 5%), then the pixel is considered 
contacted and is tagged accordingly. All pixels which 
are not tagged are whitened to a consistent background 
10 level. This eliminates any latent images that might be 
present in the background or in the voids within the 
print . 

Note that, after each of the image memory 44, 
output memory 54 and display memory 56 are initialized 
15 with data representative of an initial image, there is no 
place in the system where the optical image signal 42 or 
portion of the optical image signal is actually stored. 
All subsequent frames of optical image signal 42 
representative of optical fingerprint images from the 
20 image system 16 are processed through minimum function 
48. It is only a portion of the data in each updated 
interim data array in image memory 44 that is used to 
update the output and display memories 54, 56. 

In the embodiments described above, Min LOT 48 
25 updates an interim data array in image memory 44 from the 
existing pixel values of interim data array and 
corresponding data from a new frame of optical image 
signal 42 input through the A/D converter 18 and Equ LOT 
38. The method only uses the bottom bit of each pixel in 
image memory 44 to indicate contact. As the finger 20 
rolls, the processor updates the output and display 
memories 54, 56, respectively, with a portion of the 
interim data array representing a forward portion of the 
contact strip 72 in the image memory 44. Thus, output 
and display rolled fingerprint image arrays are 
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respectively formed in output and display memories 54 , 
56. The rolled fingerprint image arrays are 
characteristic of a rolled fingerprint image. 

In another embodiment, the interim data array may 
5 be developed in image memory 44 such that the 

accumulation of the optical image signal 42 and therefore 
also the interim data array is stopped behind the freeze 
column 80. This could be implemented with hardware (not 
shown), for example with a hardware register (not shown) 

10 that stores the information identifying the freeze column 
80 and with controls to inhibit storage either right or 
left of the line, depending on the direction of rolling 
the finger 18. The processor 30 need only update that 
freeze column 80 and transfer the interim data array to 

15 the output memory 54 when capture is complete. 

The function of freezing the updating of the 
interim image array in image memory 44 can also be 
implemented as part of the operation of Min LUT 48. For 
example, one of the address inputs to the Min LUT 48 can 

20 be allocated to selecting the data to be frozen in 

interim data array or to be updated by Min LUT 48. This 
bit can be controlled by a comparison of the image column 
with the freeze column 80, which is stored in a register 
updated by the processor 30. 

25 The smear reduction can be improved by using a 

more general approach to defining the contact strip, for 
example determining the contact strip on a row by row 
basis, but this would take much more processing. The Min 
LUT 48 could still be used to update the interim data 

30 array in image memory 44. The freeze position could be 
controlled on a line by line basis by storing the freeze 
column 80 for each line in a memory (not shown) addressed 
by line number. This memory could be updated by the 
processor 30 for each field, during the blanking periods 
35 of the video or by using dual port techniques. The 
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freeze position for each line is developed from sensing 
the active range for several lines through the image and 
then providing a smoothed or interpolated position for 
the freeze position of the intervening lines. 
5 While the current implementation utilizes an 

interlaced video input, the invention can also be 
implemented with a camera that provides a progressive 
scan, i.e., a scan which outputs only one frame, without 
any interlacing of lines. This would obviate the need 
10 for as much modification of the minimum function. 

Since the progress of the roll is being tracked by 
the processor 30, it is possible to eliminate some of the 
button pressing by the operator. This is principally 
achieved by clearing the image memory 44 and restarting 
15 capture automatically under certain conditions, depending 
on the preferred mode of operating the system. 

As an example of this method, the operator 
indicates he wants to save an image by pressing a save 
button (not shown) or a save foot switch (not shown) 
20 after the image capture is deemed complete as in the 

method described above. To reject the print, the finger 
is placed back down and rolled again. When the processor 
detects that the finger is in contact again, the image 
memory is cleared and the capture restarted. Note that 
25 this allows the preview mode to be integrated with the 
capture mode, provided that the operator lifts and 
replaces the finger prior to the capture. 

The processor 30 can be configured to restart the 
capture when it determines that the finger 18 changes 
30 direction the first time. This corresponds well to the 
normal operation of placing the finger down to center it, 
rolling the finger back to one side, then rolling the 
fingerprint . 

The operator assumes that he will roll all the 
35 fingers in order. If he wishes to reject a fingerprint, 
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he presses a button . The operation is to keep placing a 
finger down without rolling until it is centered, then to 
roll the finger to one side, and then to roll the finger 
for the capture. This operation can be determined from 
5 the states identified for freezing the image - placing 
the finger down, rolling left or rolling right, lifting 
the finger. An additional criterion may be placed upon 
the amount of roll to differentiate between placing the 
finger and performing a complete capture. 
10 It will be understood by those skilled in the art 

of electronic fingerprint image capture that the imaging 
system 16 can be designed in an equivalent embodiment to 
provide a signal to the A/D converter 36 that indicates 
fingerprint ridge features by high values and fingerprint 
15 valley features by low values. The methods and devices 
described above would then require only small 
modifications to accommodate this change. 

It will also be understood that although the 
optical image signal is described above as a data stream, 
20 the optical image signal can also be formatted as an 

array of pixels. 

The following appendix contains C language source 
code for software for operating an Identix TP-600 
fingerprint capture device. A portion of the disclosure 
25 of the patent document contains material subject to 
copyright protection. The copyright owner has no 
objection to the facsimile reproduction by anyone of the 
patent document or the patent disclosure, but otherwise 
reserves all copyright rights whatsoever. 
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Mill, 

Mia* 

Capt.CApcUr, 

Mill, 
Mill 

>; 

capturt.t t*prtv*cr_fcty_*tU>UMOI>T!l.n • 

Mill, 
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mill. 

ProvtsvoAct, 
MILL i 
MILL 

>; 



cspturs_t <*c«0Ucr_k«y_c<tU)(lJtACE ATT* T) • 

< 

MILL, 

CspttcsrAct, 

MILL, 

CtptSftvsAct, 

NULL, 

MILL 



/* structures for d* fined orroyt In nmory •/ 

NIM tvrsw; 

»IH ffvraweducsd; 

him safnrtn; 

nin dlsp.vlndow; 
hih pUln_d(sp_w(ndow; 
NIN dsu_ttoro; 
NIN centre throws; 
nin dttoct.rov; 
nin checkrow; 

UtTTC decectjxif (1024); 



/• 

•• rune namei voio eyjilaJnUn 

•• Purpose: Inlttalfzt tht mmory trees for the grabber vr M( the display 
*• th« roll storsBt tree. 

«e turns: Mono 

V 

voio «v>isJn«t(UITTI •storo.tddr) 

( 

•CNlVUM^ITTIt.tOlL.^IXILt.tOCljT^IXIU); 

•(•.ntwdgyra^rtdycadaCUini -)CU.Vl«.IM>.Cilviin_uojTTti*2N76, 
-OtlVISJI^lTTIt.tOLL.WO^imiM/i^IOtl^T^rutl)! 

■lsi.m(ftOSi(nrasi t ((iaTTK MNIN^OftAM.lKOJ-NIIIOKAM.UD^rTlf^tOO. 

*Ni»«M.iojmi 4 totL.u)^imi 9 aaL.Nf^imi); 

•ls^nsv(l4lsp^lndM # ((UITTC •)OPT^VUN_tAK)#OfTVIAN WO WCSH+12, 

■1a.«tett{ldlt?jitftfoii,^ PUIS M, 

INO^UIN.V* 12, IMG_»LAINJ|); 

•^.nouCt^U^toft^tort^oddr.IOLL.yD^IXtLt, 

mll jo jmu. mjnjt mi u 

■»«_r^A*emrot_roiff # «l^ 
tOUJ©/imi,2S); 
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/ 

/• 

Fire f>mmi VOIP ayjMaiJnUO 

pur pott} lM9t ctptura proctta fro* tht f Ivan cm*r* 

(Med • 0, Plain • 1). 
latum: typo In tht typadaf eaptura.t 

captura t 1«aoa_capturo <la*aa_tYPO e-ara, acan.typa.t ^ 
"char •riwp, UU*0 lag.atort.addr) 



captura.t rat; 

UITTI •trc.atart.ptr, •dat.atart^ptr; 

Int far_r.ad0«- fa, - l -«* € * 
Int r.**t# 
Inc iJM.fc; 

««»9«_tVPO 
kamoJYM Hand; 
tOUJUMcncx capt.dtr; 

/• 

*• piramtara controlling «*a atataa a* tua rolllno 
•/ 

Int adaa.tol • 20; 

Int •ctlva.thrathold ■ 150; 

\t\t anouafi • 10j 

tnt antra • 19 j 

Int i*Ji_coluwia.ln.attp • 50; 



C 

■till, 
tOLl.HONl, 

iirr, 

CM 

> eapl.atata; 



chock *at ca«r. to ua. direction 



If (flnoaf.tVpa.rtacUlno.fW, lfno.cra, ihand, leapt.dlr) 

|| lnt_eaa*ra caaora) 
rotum(CAPTj«o«ojm>; 

pjjrtaHnltCCUITtl •>liio.atafo.a<ttf)j 
■l^oliaCtovraai.ta^toJin 

- | M «o oOaot anoutd bo -tchad In laaga.capturai I ond dlo*loif.e.~r.O 
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** thtto pofnttrt trt only utod for tht plain 

V 

irt.tttft.ptf • (UtYTf •)MI.VKAN.MO • tCt.W • 2* ♦ 79; 
dtt.tttrt.ptr ■ (UOYTC •JOPT.VUMiASI ♦ ICi.V • 4 ♦ 12; 

1f( ctaart m fUlH ) 

< 

ircjttrt _ptr 20; 

dtt.tttrt^ptr ITJ.V • (732 • I*C/UIIMI); 

) 

/• 

•• Ctt tttrltutta of (M«f and put Into ttructurtC ttUMjunj ) 
V 

tat«t.ctatrt • cmr«; 
latot.htnd • htnd; 
tattt.ttort.tddr • 1af_ttort.adrfr; 
1attt.tro.tddr » trc.tttrt.ptr; 
1atft.att.tdo> • dtt.tttrt.ptr; 
1attt.fnfl.nvji • trqjnum; 

Ctpturtflcratn( latat, tn§j%m t rmmp ); 

r 

— load tht Cqu dttt thtt wort crttttd during ctlfbrttlon for SOU 
•* or KA1M froa tht Oram to tqi6rt», thtn the current ctt 1 1 no eatn 
•* It dlftoront froa tht prtvltut contra, 
•/ 

If ( aojurtf.ctaart •• ctatrt I 

totd.tojurtf.to.Cojti)raa (ctatrt); 

/• 

Vtlt for kty prottod 

•/ 

ktyjjrttttd • TY»tJfO.IIPONtf ; 
HiUoC kty_Prtaaad l« Tm.tAVt.UI ) 

( 

/• 

1. Copy tht ttrtloht thru function froa Ortm to Mlntraa 
2« Turn or afabtr on 

V 

Prov|nltAct( latot ); 
/• 

Prtvloa optrt t Ion 

•/ 

fc*y M prttttd • UHjtQJLllKMtt; 
*llt( kty.prttaod Tm.ICAM.aY ) 

c 

/• 

Pltptty fatft by copy f Inptrprlnt froa grttbtr vu* to 
dltplty VRAM. 

•/ 

^■pl*Vjl«ftrprlnt (ctatrt, trt.tttrt.ptr, dtt.tttrtj»tr); 

kty_ortattd • OSOPtnd.ktyO; 

tf( <V"tar.kay.icrUty.prtiatd]) t« Mull > 

(• prtvtcr.kty.tcrtkty^rtitodlK latia, OftAU )j 
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Iff Cpr.v»cr.key_o«t {koy.prooi«fl > > 

fit • (•pwiCf.l[ty.ictUty>r«M»dl>< l«ooo >; 
tfc rot CAM.miiMa X 
roturnt rot ); 

> 

) /* ond of *illt V 

■ 

♦* C*ptur« operation 

If tcopt.dlr - ilCHT_0W || copt.dlr - tftt.OM) 
C 

tgrn.orob.on.nonool <»«ooo.«o*oro, 1); 

COpt_tt«tO«IUWCj 

kov priotod • TTM W ICMOMU; 

c 

•wUch (cppt.itotO 

< 

cut 1LANK: 
/* 

•« v«U lor tho flng«r tP cow do%*i 

dltploy tho oetlvo oroo U»«n It It oonood 



i 

V 



If cf t- dtttct_#dgo(^#fttMl.ro« # ^9t.tol # «etW..thr«hold, 
4r_tdgMl_tdo«>> 

C 

eopt.ototo»M«SS; 

fir_r_odao«r_odQo; 

for_l.odOO«l.«dgo; 

> 

brokj 



c««« NISI: 
/• 

— dltptoy th« «CtlV0 OTOO 

" uttll both odooi btflln to roll In tho correct dlroctlon 
thon aivo tho bock oldo of tho oetlvo oroo 

— Alio* tht roll to $o In olthor dlrtctlon 
•/ 

If |ft^dotKt.oo^«t<tctntrol.ro«t # odoo.tol l KtU«jhrt^old, 
* lf.odoo.4l.0dot )) 

If (l.odoo > for J.odoo*onouoh> 

{ tcon.tlno • ooooth.oooft.UnoCl.r.odgo, l.odot, copt.dlr, 

oai.coturojnttep); 

r 

•• Ocve tho loft oldo of tho oetlvo oroo 

•• Don't tfdoto tho dloploy 

•/ 

oovo.eoliJo^Cio^^ldoto.otoro^.tcon.llnol; 

copt~oiolo«iOUJUCMTi 

brook) 

) 
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If <r_odoft « f«r_r_odgt-onough) 

< 

oconjlrw • moo th_tc J I no ( • 1 , r_odg t , I _odgo , ctpt _o I r , 
a*x_co I mm. 1 n_s ttp) ; 

/• 

•• Itvt tho loft lido of th« octlvt aria 
Don't updtu tho dUploy 

•/ 

oovo.coluv* ( Igvr M f Ida t f or t # ocan.l I na , sjo ; 

copt.ttat otOUJl* T ; 

brook; 

) 

/• 

•* WMlt not rolling Just dUptty tho octlvt colunno 

If (l.adgfoxtra >• 0) 

{ 

If tr_odgo*«Ura « a_«) 

d I ftp t ay_col uo»_0( tgvro*. Id I I ndow , I _odgo- if t r» f 
r_tdao-l.adgo»2*axtrt); 

tit* 

d Up I •y_coVurr>»_4_3 < t gvrm, Id 1 ftp _« 1 ndow , I _«dg« * t % t r% t 
a„tt*t_odgo*oxtro); 

> 

«U« If (r_odge*«*trft < t_w) 

d 1 ft pi ay _colum»_*_3 < 4ovr «i, id I f p_w I ndow , 0 , r_odge* t *t r o ) ; 

flat 

dUplay_coluw»>_3U«vra«,4dUpji1ndo«,0,»jO; 



If (l.ftdQft « f«rj_oog«> 

farJ_odgo • l.odoo; 
If (rodg* » far_r_odgt) 

far_r_odgo«r_odoa; 

> 

olto 

C 

■ 1 *jwvo< 4ovr ft*, ido t t art ) ; 

d Up t *y_col ( id* t ft^ft t or « , id I ftp_* 1 ndo* , 0 , > ; 

Copt_lt«tt«U'1; 

} 

brook; 

coftt lOUJMCaT: 
/• 

** iivi th« arts Incrantntod by tht »can lino 
♦* dUptty right oldt of tho actlva «r«o 
until tht right odgo ttopo 
than oovo tho right ftldt of tho aetlvo oroo 

•/ 

If (ft.dottct.odg^Kictmrftl^rowft.odflo.tol.octlvt^thrtfthold, 
4r_odg«,4l.odo«)> 

< 

naw.tconj Ino ■ aaeothjeonj tna< ttf\J I no , r _odgt , l_odg« , 1 1 CMl_0 1 * , 30 > ; 

If (nooacanjlng » teonjlnt) 

C 

Oovo_col<m(ofvrooj 9 idMo_o«oro # tconJ lnf,nov_«c*n_t In*); 
acon_l I mwijicmnj Ino; 
If (r^odoo*ofttra « t_o) 
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"r_*dg***xtro*oc*n_lln*); 

•Im 

dl tpl •y.€otum» - * -( S (4avr««,idUp_w I ndoy , tc*n_l I r», 

•_w**c*n_Un*); 

/• dUplty th* scaa I In* for d*buo 

f 1 1 l^ol.OCMItp.nlndwt, oconj In^O); 

V 
) 

« 

if (r.odo* < for.f.odgo • *nouoh) 

d I tpl *y_col uww_4_S<*dt t*_t tort , id I §p_* Indov, t c«n_l \ rw , 

i_«-*ctn_Un*); 
C*pt_tUt**UH; 

\i \\j**9* * ftr_l_«d»t) 

far_l_*dg* • t.tdo*; 

14 (r_tdg* > 1*rjj*&) 

> 

tit* 

{ 

dl ■pUy.eoluwit.i.Kldite.* t«r*,ldUp_*l nbow, *c*nj In*, ■ _ytx«nj In*) ; 
ctpt_*t*t*«LlfT; 

> 

brttk; 
cat* ftOUJ.cn: 

r 

**v* th* *rts <nertfftnt*d oy th* *c*n lint 
•• display l*ft *td* of th* iCtlv* or** 
•« well tht l*ft odgt *Cop* 

thtn mvi tht Uft *i<* *f th* tctUt *f«* 

If (fi.d^t^ct^^idc^niral.row.^diOol^ti^tKftthotd, 
Ar_adot,it ( .td9t>) 

nt« tetn tin* • *mtn.te*nJln*(*«aAjlf« f r v €dQ«,( M «^9«,UfT aa eift f }0); 
If (nttf_tc*n_tlnt « tc*njlnt) 

1 

»tvt_colw»nt ; i*vr ta, ld*t tort , r*w_tc *n_ 1 1 n* , *e«n_l In*) ; 
9C *nJ\rmfw*ju*\J in*; 

If (l.odgt-oitro m 0) 

dliplay_coliffw> JScfc|vr*a, Wl tpjtUtipw, l_*do****tr f , 
tc*n_l In*- l_*d9*+t«trt); 

•U* 

d Upt ty.cot um_4_l<ft«vr *•# *dl *pj* I ndo*, 0 , *e*n_l In*) ; 
/♦ dltpUy th* tcin I In* for debug 

flU_col>J<WUpjilf^ # ix*nJin* ( 0>; 

> 

If (l.*do« » f*rj_*dg* ♦ enough) 

C 

lavt.cfl lt*w* (tgvr m t id* t t or * ( 0 , »c*n_ I lot ) ; 
dUplty_colit**>_1(4datt_itort.ldUp_«lndow.O. tc*nj l«t); 
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tufn_fttuHf»tor_on (>; 

ptr • (mono *wj*MMin%%i 

roUaq^axltta • *ptr«*; 

pialnaqj.axtatt • *ptr**; 

/• thla U -Sara version 1.1 loadtr putt It V 

palaaqj.axlatt • *ptr^; 

paUurp_a«lata • *ptr**; 

ptrijiliti » *ptr»*; 



If ( pir^vliti 

< 


) 




If < # ptr •■ 


255) 


racurt Jva.factor ■ # ptr; 


ptr~j 






If (*ptr l« 


255) 


i nflr.do \ r»d_aqu_v* I ut ■ «ptr; 


ptr~; 






If <*ptr l» 


255) 


changing thraahold ■ •per; 


ptr~; 






If < # ptr l« 


255) 


toe.dark.valua • *ptr; 


ptr~; 






If < # ptr !• 


255 > 


roll.offtat ■ *ptr; 


ptc~; 






If < # ptr |« 


255) 


pUln.offaat • *ptr; 


ptr~; 






If < # ptr |a 


255) 


palai.affaat • *ptr; 


ptr~; 






If < # ptr la 


255) 


p*t«_d«»lrad_aqu_%alut • # ptr; 


ptr"; 







/• tMi la *»art vtriloo 1.4 «ntf btyond loadtr ktapa It 
paicvqu_axlata • »ptr*«; 
paLfwrp.axlata ■ # ptr**; 
•/ 

•Ifndaf 'AlM.SCANNC* . 

catcvjUtajMnfvnaUT.to.Dra* <); 
calcvUct_ttral0ftt.fftrwLur_to.OrM <); 
calcuUta.tawlnalUT.to.Oraa <); 
fataa 

/• 

•• turn af f f rabbar 
•/ 

•{UiTTt •)CftA4ICt.CTftlO.IA$e • 0*0; 
•CMTTf MCAAftltt.CTtlO^IAIt > 0*0; 

load.atratfht.thruLUT_to.MlnSrM<); 
•andlf 

> /• Initial I it.54020 •/ 

'Ifntfaf FALM.tCAKHtt 



copy tha LI/fflL froa> tha a I van lourca addraaa (In Oraa by fTTC point ar) 
to ftlnSraa (by IOMC polntar) 

■/ 
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lM9 . ^ , .^.f cwn - MM.UWM; r «*lch coooro o*j '« V 

mt roWjultto • 0; r 1«WU «* HUM V 

Int pt.liW«UU • 0> /• 1"U«» •»••«» y 

,«« p.UWtUU • 0, r 1*AW « V 

Int pol~rp «Ut. • 0} /« 1-MUI d«.rpln9 ooloto V 



, Local Vorleblo definition ' 

/• thl. MM up the defeulte If no peroooter file eiilete •/ 

•t.ttc Iflt o^o «Ut. - 0; f «»• *' 

...tic UlOoO *.lr^»l- • »* /• •» W ** ""T.r! llloo. 
.tottc UUO-a choneJn, thr.th.ld - U; /• p.r«ontoa. cheng. of f lnel to poet 

...tic moid too_d.rk_v.lue > S; /• M rewve A/0 offott •/ 
•t.tU W.OM roU.effeot - Wj /• «0U po.k hl.togr.. veluo / 
•MttC UIOHO pl.ln_.ff.et - 10; r Wll peek hl.togf- vol*- / 

•t.tlc UIOHO peU_d.olred_equ_v.lu. - lSl;/«*.l«. •» "«* 

•totlc mow detect.level • 1$0; /• dotation level for »«1v. » rM 1 



j. fxt.rn.1 function. 

•turn VOID lnlt_rwdo« <voiO>; 

•mm VOIO lnlt_c»p.or«M>.r (VOIO); 

.«.m VOIO oond.C0M nd_.._llc <U.TTt eo— nd_to_.ond); 

..t.rn void tum.IUu.lnotor.on (VOIO); 



function Prototype. ' 

V010 <wJ-»o.to.Or- <lno.o.«yp..t c«-r., uVONG lft.ro_.ddr. 

Int ht.bvtoo, »nt «rf_«orde); 
VOIO InUl.llio.MSO (VOIO); 
voto tood equref.to.mroo { looie.type.t co-re); 
VOIO lood.WT10t.tOj«tn»ro» (UITTI •erc.ptr); 
VOIO lood~itro«9ht.lhruLUT_lo_l*itr«» (VOIO); 
VOID eetup.«rephte (VOIO); 

ototlc VOIO ctlcuUto.olnfuictOT.to.Oroo (VOIO); 
ototle VOIO colcuUte_.trel.«t.tl.rwlUT_to_Ore. (VOIO); 
•totlc VOIO eoleulete_tK|lntlUT_to_Ore» IVOIO); 

•UtU IA.OM floorO (UtCOO o, Ut«0 0)1 «to.i # «iv 
"otic VOIO lo-.o^UT.to.l-UIr.. (UU*0 off..«. W -.rk.offMt. UtO-0 do.lrod), 
•totlc VOIO loed_»tr.lgM.thruU/T.tojMnlre. <VOIO); 

/ 

/• 

!• I nit I. III. tho iMdoc, tho OOP restore, ootup tho pre^lc function, 
and creete oil tUT.. 

•/ 

voto lnltlo1lto.S4020 (VOIO) 

( 

volt til. UIOOO *ptr; 

•((UlNOdT •jOPTCU.) ■ 0; 
•M (• mil ■>! 

InU.readoc Of 
ootup.«ro|dtlc (); 
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r» 

Hlene*»i gspjnlt.e 
•• Purposes W Inttlellistlon. 

Ootot 08/10/93 
•« Author i Joyce loung 

02/1l.'*4 Joyce 1m**, codify the offset of HAM ectlve le*ge 
05/05/94 J aye* Young, If Iswgs per sew tor U 25$, mi default vetue 
06/03/94 Joyce Young, edjust the offMt of iOU/»UlN ectlve le»«e In 
M1N0IAM for no* boerd 
— 06/28/94 Joyce Young, turn J 1 4 uolnetorjon In Initio 1110.34020, otherwise, 
•• turn I no llluolnetor off during collbrotlon ond thon receiving 

AOOtT comd ultt cause tho Uluslnotor off oftor AJOtT don* 
07/14/94 <>oycc Young, chenee tfofoult roll_peel(JUu*_level • 10 4 

pleln.poekJUusJevel • 10 
08/1!/94 ft, fix up offsets oo that tltoy odd to tho offtoto cslculoted 
tr cm tho dork tovot histogram Instead of replacing It. 
•• 09/05/94 T», change tigging oo thot o 0 cltengt_ threshold vol us causes 
•* everything to bo tagged. 

09/22/94 JY, «ovo totup of talon_font (CMWJW) I tslonj ont (COtPUUtl 
•• froa PrtntYltteO to aetup_grsphlc<), otherwise. If celling 

•• PrlntTltleO oovorol tte»«, will e»ss up tho telonjont table 

•• 09/19/94 Tl, flsed orror In Cqu Iron Inl tlellistlon • n oo dod to subtract 

out offoot oftor scaling. Couso oovoro clipping ot whits. 
01/18/95 JY, rood oilitlng of pela.equ fron K.PAftAMCTCftS 
01/20/95 JY, doloto umocottory Include flloo 
01/23/95 JY, load pels maj to CQUJ08AN If fllo eaUti 

•/ 

/• Includes / 

* Include <g>pr*g.h» 
* Include <0Sptypee.h> 
'Include <0tpglobe.h> 

« 

•include •stdtypes.h* 
'Include "oip_font.h" 
•Include »lM_dofe.h» v 
•Include •a**_a<ttr.h- 
•Include **M_etU.M 

•Ifndef PALM_SGAM»CS 

•Include "gspjags.h* 
iondlf 

/• Utern Variable definition •/ 

/• 

vorlobloo for tho graphic 

•/ 

extern FONT corpus 29, corpue49; 

/ Global Vorloblo definition / 

FONT I ft70 font Info; 

ohort Mlfontjd, blgfontjd; 

thort s*jtfont_charHeh, bfgfont_chorfclgh; 

short satfont^cherwlds, blgfont^cturwlde; 



/• 

•• vorlobloo for tho I moo processing 

•/ 
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) 

•1m If CroUjdlr tm.Ott) 

1 wm*\*s • C«an.tpHfUft ♦ ce-c.n_.pl I flight) /$; 
If (m.Mdltn < ©ld_«c*>J ir*> 

< . ^41-, ♦ <t-f«ct«r)*old •c*njlf« ♦ 

If In^.tc^lfOi ^ «ld.»c«».ltf» - -*- C ™' . 

> 

•U« iwy.Mtn^lInt • old_*c*nJlrw; 

> 

•1m ostein J 1 1* • MM^mdim; 
rtturn<ntw_»cin_l lm>; 

rcplftCt •ny 
•• with vilu* 



»U„«d plult (tv« v.lw) <" th. d..tln.tlon .r.» 



voto « I U.«v^j>l mUCNM •d««t,lnt v«U*> 



< 



rtflUttr U1TTI # pp; 
rvgUttr Int w,JJ; 

Int «,MW 
w • vtlut; 

•<«,tit*<d«st>i.iM; 

for (H«0; H«h; H~> 
C 

pp • •la i ,tdr<dttt.O,ll>; 

II 

do 

< 

if ocpp * ui •«> ■ w «* 



> 



/ 

/• «rd of fngrcapt.t V 
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•<«.nM(4trc.rowt f B(« M i(lr(toyrct v 0 # ll) l 4*a1flJnc(togrc«> # v # h/4); 
m\ *j»9vc< l«rc_row« , Id* um ) ; 

) 

> /• dltplty.ijlv •/ 

' V 

/• 

•• *\*c MMt void mi_cotjt_so 

•• Purpotc: fiU • colum In t rongo reduced fay 4/J 
Mturnai Mont 

V 

VOI0 HM_col.4_3<M|N Int col, lot voluo) 

< 

rogtttir Int ll,k,d_f; 
rtfllmr unsigned chir «d; 

k • vtlut; 

ela_«Ut<oo*t,lw,th); 1 
d • ■l» - »dr(bt«t l colM/4 # 0); 
dj • olojnc(oott); 

ll«h; 
do 

< 

•*k; 
0>«dj; 

) uhTlt (*-H); 
) /* flU_eol_4_S •/ 

/• 

•• func neoot Int UKx>th_oc«nJfn«o 

ftirpoto: oven out tht teen lint •tope and Halt then to o miIoui list. 
Oturnei rm tcon if no 

V 

Int Mioth.tcan.il no( Int old_tcon_t I no, Int fltht, Int Uft, 
tOU.OltCcnoo rell_dlr, Int om.coIuww) 

< 

Int notfatdlen, n*w_ecen_lfnt; 
Int tctn_t0l I t • 5; 
Int f ector • 4; 

If <etd_tcen_llne < 0 ) 
( 

nowjttdloA • (Mght ♦ loft) / 2; 
return (neujntdlen),- 

) 

If (roll.dlr — tlCNTjDll) 
< 

nootodlon • (tcen_tpl I fright ♦ (ft*tcan_§pllt)*ltft) /•; 
If {rw*jmm*\m > old_exen_llne) 

{ 

n#*_eeenjlne • <fecter«nt«aod1on ♦ (•* f actor )*old_tccn_t Ino ♦ 4)/8; 
If <nov_tcon_tlno » old^ecan^llne ♦ e**_cotuano) 
now_acen_l ino • old_icen_l Int • eax.coti 

) 
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COM inM_MU_U' T - timft 
•c«ri • *0U; 
•hand ■ 

•dtofltor • WftJW; 
brook; 

cut tTtPf.HAli.WOjIMIlSl 
t eM ri • tOU; 
•hand • IIWT; 
•auMir • NOJDtt; 
roturnO); 
brok; 

CM« ITtPCJUHi.t1CHT4: 
»c«Mri • HA1H; 
•hand ■ II GMT; 
•dts**or ■ MO.Otft; 
brook; 

•cMtn • HAW; 
•hind • UM; 
•dttmcr • OO0W; 
brook; 

•cm" • tott; 
-Hand • RKNt; 

brook; 

*ciMn • roll; 
•hand ■ It'T; 
•d oo wM* * no^Olt; 
brook; 

dtfoultt 

r«turn( 1 ); 



) 

> ?• flno«r_tYpi_chock •/ 



i void dioptoy.i.lvo 



Wi dloploY H«tW«* - * . 4 S ro**t 

vortic.t d<roct«on. drop ovry fourth lino 



taturno: «ono 

•/ 

voto dltploy_4><"W •oourci.M* 

tnt ¥ t Mj,H: 
■l« w illt(ooureo f tn # lh); 



for <H««; HO; H~> 
< 
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rtturnCOl; 
> /• *t_dttoct_odgoo V 

/• . .... 

/• 

•* r« rmmt »ow_colu*»() 

rurpocc: block tromfcr ootoctod coltm of tht oourco to tho t«g« 
•* it turn; tor* 

V 

voto ■•v»_coiior»(NlH •orc,AI« *doot,lne otort, lot otop) 
Iftt oji # oji/ 

NIN •rc_eoU l doot_co(o; 

•^•^•tCtre.ltrc.eoU^urt.O^top-surt,^); 

•l»_oU*ot(d#ot # l<W«t_e©U,»Urt, 0,0,0); 
a1a_«ovo<Mrc_colo,idoot_colc); 
) /* Mv»_colt«rtf V 



/ 

' 

'unc nana* Uno«r_typ»_ch«ckO 
- furpott: dtcodo tht f lr*tr typ., cmro, * #t h« r to o*w»«r ond validity 
• # Mturnai 0 * If no orror 
1 - othoruloo 



• 



/ 



»nt rif*af_t^chock<oeon_typ*_t f ««*9t_typa_t •emri, 
HA*0_WC ♦bond, tOU.OUCCTIOM •6*vmtt) 



•• dtcoda tbo Mng«r typa, coaiara, *h«thtr to d««i««r «r* validity 

•• rotwrn (0) If no orror 

•/ 

onltch < fnoj_nua ) 
C 

COiO STY»CJtOUJMCHr.THtM: 
•canwra • «<Xl; 
•bond • ttCNT; 
• doo— f • LtflJU; 

brook; 



eooo rm.wuju car 

COOO tTTPC.IOCL.tlCHT^NIOOU : 
oooo STYH JWLl Jl I CM Ml 1 KG : 
CiiO ITTFf JKJLIJUMTJJTUI; 

'c«n • tOCt; 

•hand • IICMT; 

•cWaawar • OJCHT_Ol«; 

brook; 

cooo tirnjtOLijAnjmMmi 

Wl • tOU; 
•bond • LIFT; 
•dtoaoor • IICHTJDU; 
brook; 

com ttmjtoiijLtnjmut 
cooo iTm.ioii.urrjiieoui 

COOO ITTOI JKXlJ^fT IIW: 
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raturnf wxjmmQjnn ); 
rtturnC WT.UVtlHO ); 

» /• CaptlavaAct •/ 

/ 

* • 

*• tunc namai Int fa_dattct_adgat() 

rvrpoati Oatarwfna the right and Itfl adgaa of tha contact otr Ip of 

tha flngarprtnt 
I • turn*! 0 • If thtra It no contact 

1 • otharutaa 

•/ 

'At fz_dattct_adgai(Ml* *row # Int adga_cowm, Inc thraahold, 
Int *rtght_adga, Int Maft.adga) 

Int vldth,halght«H # a<fftj 
untlanad char *lp,*rp; 



e 

Cat tha cantar raw* item tha Imo« 
Or togathar all tha tag b(tt 

V 

«U_flU (Wat act.ro-, 0); 

• I a_novt_c ( row , idat ac t_row , OjOOOc ) ; 

ala_atta<row, iwldth, ihalght); 

lp • ■la_adr(4datact_ro« # 0,0); 
rp • lp»wldth*1j 

/• find tha Iff t adga toy adding tp and tha right adga toy adding down •/ 
•oa ■ 0; 

lor (1 1*0; tUnldth; II—) 
( 

if Clp" 4 1) ( 
•na~; 

If (aua »• adga^couit) 
braafc; 

) 

> 

•Uft„«dga«l<; 
MA • Of 

for (lla M ldtn«tj flaaOj II-) 

< 

If C«rp- « 1) C 

If (aua >• adga_coutt) 
braat; 

> 

) 

Vlght_odg«alfl; 
/• 

•* thtra It contact If tha right adga la farthtr right than tha toft 
adga 

V 

If (•Haht_adg« » •laft.adgal 

rc tymc II; 

•lea 
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turnjarab.on (lM««.eMtri, 1); 



) /• rravtsvaAct •/ 



•• fune MKi CaptfeanActO 

Furpoaoi Actions whan SCAM kty praaaod In captura acraon. 
latumai CAMJIOtCSPOJfSt 

Kltcoryt flf.JLM Joyco Voungi Add rttum valua 

•/ 

c«pturo.t UptlcartkU IiucfjUTi T Imqi ) 

< 

/•— turn frafabar off •♦••/ 
tumjrab_off «a»go«caaara>; 
return (CAMjKMtCSPOMSC >; 

) 



** func rm: CapttavaActC) 

Pucpo**; Actions tdian SAVt koy pr«ti«d In captura tcrttn. 
•• I a turns t CAM.UVtll*2/WT_Wloi<0_TYrt 

Mlttoryt Joyco Tour*: »aaa caaara in copy Imos to Dra* <) 

capture t CaptSavoActC IMAGE Jim T Imago ) 

( 

Int uduordi, ht.bytaa, n< h; 
/• 

artbbsr should alrssdy ba off 

•/ 

If fla»oo.camra riAlN) 

C 

/•— fat 0* laotaa lor cfcantat fro* tha roaalndar ls»9* •-••/ 
loadJ^fn.tojUnlroo UUITTI Mf«CiJACGUC_lumi>; 
turnjrabon ( I avoa.coaors, t); 
turnjprabaff (Iwft.caari); 

dlsptay.flnoarprlnt <<a»fa.caawro, ls-*a.sr C _addr, 1*so^.dat/ addr); 
f HI_avan^laola<M«lnjlltpjilndow # r^ 
/•••• Oownlood laaoa to tha CP 04AM ••••/ 
^.W* • PUIIMCJCEOI; 
M.byt aa • KJUIMIT JTMIj 

copy.loooa.io.Oraa C laaoa. caaa)fa # Iaa0t.ftoro.iddr, Ht_bytta, *dj*>rdi); 

tlta If (iMgt.caotra toil) 

( 

I aadJAff m_tojilnlroa «uirie •)fliW.TACOUO_LUTTIl); 
turner ab_onnoraot ( lato/t.caawro, 1 ) ; " 
tumj|ro6 p off< laag a.coo»ra); 
•lo.aovaiAoafnraai^tdata.atora); 
•la.aliaC&dita.atora^to.lh); 
dUplay.aoluw»^Jc»dato.atoro # ldl ap.wlndoo.O.ii); 
fli l.avon^Ua I Kldlap window, ZH); 

) 

alt* 
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/ 

/• 

t\rc mmi .rov»<:«*etO 
" rurpo... Action. *oa KtM ..V pr..Md «o pr«vl~ ,cr ~" 
.. Mtgft- , tAH.W.lIIWNU/CAPT.WROtlO.TTPf, 00 «ptur.d »-»•• or 

wrorg co*»rt typo. 

•/ 

< 

/•••• Turn orobbor off ••••/ 
turn_orab_off< lpooo.co»oro >; 

/• 

load olnfunc fro* Pro* to HlnSroa 

•/ 

flf INGJKKJG 

tood Mr».»ht thrulVT_to_tquSrori %); 

Uod>mi_tojtirJro» «u»m •>tmiwVHiM.iufm>j 

lllll 

lOOdJ>UTm_toJtlnSro» «UttTl MHUFWC.LUTTIU); 

ftndW 

fWf\( CAP\JQJLl%PO*tt i; 
) /• •rtvSconAct V 



/ 

/• 

fine nra: frtv$av«AcU> 

*jtp»mi Action- *on WVf fcoy prtMfd In prov.~ woon. 

r^I. C W ^«/CAPI/I«^C, no copturod l W or .L.ln, 

" ll.tory. iotco too*, turn on th. T.tf r If k*r proo* 

< 

c-pturO »roviov«Att< HUCI.ATTIJ > 

( 



koytypo.t koy^otiod; 
capturo.t roopontt.oUfnot) • 

C 

cam jejusraiu, 

CAHjQjLllKMtt. 
CA»TJIOtU»<*St. 

CAMJUISMG. 

>; 

/•••• Tarn grabber off — •/ 
twrn.orob.offC .•oflt.coaoro ); 



toy pro tod • tmW«W«l!j 

*Uo< ktyjKM^ ». rm.toui at u koyj^mod wi.uvi.m > 

ktyj>rtftod • OSOPond^ktyO; 

U( (••Utngtcr.kor.MrUtyj^ ••••«) WU » 

(• •lifn 9 ocOoy..cr|koY^modJ)( WW >; 

'* .« — turn off th. ■ ratter abova, 

*• ICAit k«y Kilt to to provloi. oeroon, M - turn of ■ 

too .rotter noo* to turn on Mr.. otn.r-lM. th. f»n».r If -HI 
•• not on tho pr«ylty »croon 
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lf< cattri tou ) 

rmtocjii tpt oy_croit_typ+« t ( ) ; 

•rc.itirtjitr • (lAYTt •)Ofti_VRA*_IK>; 
•re_mrt_ptr l«Jf • 30 • 79; 
dM_itirt_ptr • (WH! •)0^T.VHAII.IA$C; 
c1.t_iurt.ptr tuji • 4 ♦ 12; 

If ( emn »UIN ) 

C 

•rc.itort^tr 20; 

dtt.ittrt.ptr tCMJi • <752 - IMC PUIH «); 

> 



I o#d_i t r t f th t _ t hruLUT. t o.EquS r ■* <); 

loo^LUTTIljoJIInSroji «umi •)ffttlCHTJMiUJ>tlTllO; 
turner Bb^ocs (cMiri, t); 

for (;;) 
C 

dUpUy.flfigorprtnt (eMiri, irc_itirt.pt r, d*t_ttart _ptr); 

•Mitch < k«y_typ« ■ QWrdJkrf O ) 
< 

cast T YM_tGUMCC Y s 

ciii mc.Atotr: 

turn_§rob_off (cmrt); 
lf< cmra IOU ) 

r«od»c_c I oor_crot i_ty«fcoi { ) ; 

return; 

> 

> 

> /* dlipUr.cmr* V 

■ 

/ / 

/• 

mi rrovtnltActO 
rvrpoMi Action* whon ontor • prtvlow tcro«n. 
** Mturnii OunjlOJtffPONM, no copturod t**g«t 
•/ 

capturt_t rrtv!nlUct( IHAUJLTTIJ J«*9# ) 

( 

/• 

** load itnlght thru ll/T fro* Oris to NlnSroa 

•/ 

'if im.oiftjc 

l oad.o t r • I oh t_t h ruLVT JlCJ^t o J qArm (); 

loodLiurm.to.mnsrM «umi •wmuarr rmu iiirriii; 

itndlf 

ft 

r 

— Turn frobbtr on 2 fr«t ( othtrulio, tht tocond finger t M ot uftl 
dltplty forbooo II not If ia1nj outtlptc finger fauffcro 

V 

turnjirob.on (li^i.cMri, 2); 

return* CAMjlOJUtttftlf ); 
) /• PrevlnlUct •/ 
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ffC rtt CAPT.tAVCIHa ) 

c 

r#tum< ret ); 

> 

> 

> /• ond of itMlt V 
> /« tnd of If V 



> /• tnd of «hlU •/ 
> /• ltao«.e«ptuf-t •/ 



/ 

/• 

fwr* mmi VOID dUpityJtwrprlMO 

Porpooot Dro* tho flnoorprlnt l« ro**od dl * u * M 

tho flnforprlnt torn IM Ifo oo**ro U tttrod i*oldfdo-i In tho 
tho horltontil r •Action It dono In horoVoro 

IM vortleol roActlon U dont by dfopptno I of 4 Mm In th. roll 
•• and 1 of 2 Unto fn tho pltln. 

L dWployJInotrprlnt «ftt«o_typo.t tmro. WTO ••rc_ttartj>tr, 
UOTtt •dtt_tttrt_ptr> 

( 



WTO •orc - ptr f # dtt.otrj 
Int Hi 

If ( ttMrt 1011 ) 



i 



/• ttt up 4/S rtduetltn V 

dl tpt ty.i.SvdOvron.roAjcod.Odl tp^nlndoy ) ? 



> 

•lot 

C 



Only dttplty tvtry othtr Until 

oo lncr«»tnt tho tourct trrty I Unto, dttl. "rty 1 lint 
IN flrtt dltplty lint It Ia tho otddlt of tho ocroon. 

'pott brot (UWI, oro.tttfVtrli /• mrUr, •< *' 
S/brlf (OADOt, dtt.our^tr), /• odJr of d«t. trrty •/ 

pofctVot flftd. •UW.«IWV«W»» /* 1,1 lht > ,leh 0f i0WfCt 
pokt'broo (OMCN, PUIi.D»tVUH^I1C«)j /• Ml tho pitch of dttt. trrty •/ 
pokt>of <DTO*. •Uli.OlOI.VADl /• OH orrty bldth, OTi trrty htloht •/ 
ton (• HIIU t. V -II 



> 

) /• dltpUyJInoorprtfit •/ 



/• 

r M rtti VOID dlaolty.contrtO 



.« Pwrpotti Oltplty tht ftoll or Pltln loott fro* tho |l*on ctworo 

(ttu or PUIn) by «tlnf •trolp>t.thm f«tlon 
•« itturnot «ont 
•/ 

voio dUptty.towtro <lMfo_typt.l ctowrt) 

< 

koytypoj Uy.typoj 

UtTII •trc_tttrt - ptr, •dat_tttrt - ptrj 
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■1 MWwCigvTM, Adato_»tort) ; 
brook; 

cm tOtt.tlCKT: 

oovo.coluono (tovroa, Idotoji toro, oeon_t I no, ; 
break; 

C0O0 tOtL^LCFT t 

•«v«_coluNP*(49vra*i r td*t«_itor« ( 0 < «c»n_Hf%#); 

brook; 

> 

t um_o,r ob w o f f ( * mm r • ) ; 
•l»jaovo<ld4t«_itor#,lgrilfir«t}; 



ff( <*coptftcr_k«y_oerCkoy_prttt«g) NULL > 

(*coptscr_koy_ftcr(key_protood])< louoo, 08AV ); 

lit (•eoptocrJt#Y_octtkoy_©rotio<fl> !• HULL ) 

{ 

rot • <*C0ptKr_kty_oct(kty_prt0ftod] )( t»g« ); 

if( rot CAPf^ttVtltt ) 

< 

r«turn< r«t ); 

> 

> 

> /• *d of wMio V 

> 

oltO If CUmro ftOLL U fptjdir NO.OU) || cmn — PLAIN) 
f 

turn_grob_on (fMQi.cmn, 1); 

■ 

k«y_pr««t*d • TY»t_«OftCSPON$€; 

*Ho< koyj>rotoo4 l» mc.SCAlMCET U koyjirotood l« TVN_SAVfjcin 
C 

/• 

Oloploy <Mg« by copy f InoorpHnt frow irobbor VtAM to 
dloploy VtAM* 

V 

dUploy_ftnoorpr1nt (cmra, trc_ot trt.pt r, dtt_turt_pcr); 

koy^prooood • OSOPond_koy<); 
/• 

** turn off Iht orobbor uhon tho »ovt koy U prtoiod 
•/ 

lfUoy_proMod TY«_IAYtJ«T> 
C 

turnjarob_off (Comoro); 

> 

lf( < # coptocr,koy_ocr(kcy_pr««sod]) !• MULL ) 

( # etptier_kcy_icr(koy <a proaoo<fl)< Imqc, oiav ); 

Iff <»coptocr s kor„Mt(koy <a prooood]) l« mull ) 

< 

Ml • (•coptocr_koy.octUoy_prooiodn< l*»o,o ); 
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capt.atata-Ufli 

> 

far J.odB* ■ I.**** 
If <(-_•*• > forjr.cdM) 

> 

•Ua 

capt_«tata*iiH; 

) 



broak; 

cast lift i 
/• 

wait for tha »ctiv« araa to to away 

uhtn It doti, d*ttct tha chanoad inn and 

ufl tha final loaoa 

V 

If (f^ttct^tdQttCUtotril.ro-t^tdBt^tol.iCtW^thrMhold, 
* lr_«dg«,*l 

( 
) 

alaa 

( 

turner ab.of f < l«ttta.e««ara>; 
capt_aUta«G0N€; 

> 

braak; 

cait GONC: 
/• 

•• don't do anything 
*/ 

braak; 

default: 

braoks 

) 

k«yj>raaa«d • OWPand.kavO; 

f U ip tha data atora In caaa tha aava kty H pr«aa«d 
bafora tha and of tho roll 
•« Than turn lha arabbar of f and -ova tho data.atoro 
back Into Iho graboar «ln draa. 

•/ 

lf<kay„praaiad •• Wl.ttttjOT) 
C 

awl ten <capt_ftata> 
< 

caaa IU*Ki 
caaa fUUt 
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vol* lo*dJAOTU_toJllnlr» (MTTC •■rc.ptr) 

( 

foflittf ulokc «d; 

rtftittr UiTTl ••; 
rtfltttr t»a II; 

d • (UUMQ •)MlR.UAK.lAt€; 
, M ■ *>336; 
do 

•d*-» • 

wtU C"H)| 
) /• loodj>UTm_tojMr4roo */ 

/ 



ColcuUto tho Kin function ond ttoro to th« OrM, 
•« Utor Mill copy to MlntrM 
•/ 

voio c«lculoUjMnfunctUT_to_prom (VOI0) 

( 

UITU o_d f mm, •ptf, out; 
1A0NG tond; 

ptr • CUtTtC •MlinNC.UIffll; 

f or ( mm • 0; mi < 256; mm~ ) 
for ( o_d ■ 0; o_d « 256; o_d** ) 
< 

eond - OftmmoorO Cum, •ji) • rocwrolvojoctor; 

ft ( cond m 30 ) 

out • mm • (cond ♦ SO) / 10O; 
oUo If ( cond > 0 > 

out • (UlTTtmoorO (mm, 1); 

•lit 

out • mmi 

If (i.d « dttoctjovol) 

•ptf** • out | 1; 

•lM 

•ptr~ ■ out A ©«ft; 

> 

> /• cilcutoujrinfunciUT_to_Dro« •/ 



/ 

/• 

ColCulfU tfto ItrtlfM thru ond otofo to tho 0ro», 
Utor hIU copy to Mftlr« 

V 

VOIO citcuUtt_otr«lfht_thruiUT_to_OrM (VOIO) 

( 

WTT1 o_d, mm, •ptf; 

ptf • Cl*rfl # )ITtAlWTJHtg - lUTTIt; 

for ( mo o Of mm « Bit mm*+ } 

fof ( o_d • 0; *J « 256; o^ov* ) 

If U.d < ISO) 
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OlM 

•ptr** ■ o_d I 0*f o; 
> /• ctleulot«_»trolf*t_t*i^tn_to_Oro* •/ 



/ 

/• 

Coleuloto tho Togolf* fiMtton and ttoro to tht Orom, 
itttr Mill copy to MrHro* 

•/ 

voio ctlCMUtt.ttM««OtUT.to.Oro« (VOI0) 

( 

utTTI o_d # mh, «ptr; 
UITTI w; 



ptr - CUftVtt •>MCt_TlCGt*GJ>Umi; 



lor ( mm • 0; m « 256; ) 

for ( •Ji • 0; 0.4 < 256; o_d~ ) 

C 

If (chsng(r*_throftliold ► 0> 

* w • (CUlONC)«_d • <UU0NC)<100 • chinglno.throthold) / (UIQNGNOO); 

If ( (w « mm) || <o_d « toojfcrk_v.lv*) > 

•ptr** • mm 4 0*fWr*fC; /• (whlto) V 

llM 

•ptr** • mm I t; /* <** rk > 

) 

tlM 

•ptr** • mm \ 1; 

> 

) /• Ml€uUtO_tM0lr*lllt_toJ>rom •/ 

/ ' 

•• Copy Imo« tram NMrM (2<K6 • 1024) to Dro» <IOUt976, 976... or 
PUINI1640, 1600.*. continuously). 

tht lM0t U tpaldo doMn l« AirOr.* and U itorod to Oro* rlfthttldo up 

VOIO copyjMQO_to_0rM <tMM_typ«_t c—r. ( UtOMC tug.ttoro.oddr, 
Irtt ht.bytot, Int Md.Mordt) 

C 

Int II, JJ; 

ULONO Urcjir, •dst.ptr; 



r 

— colcwUtf tho offMt of tho octlvo Imoo 

lOTIi Imm OffMt In *opyji*oo_to_0ro*0, lood_o^of_to_t<»Xro»O f 
procoftt_collbratlon() thould bt tho •mm. 

•/ 

dftt.pt r • (UUM8 •)l«|^toro.oddr; 
•rc^tr • <UU*C •)*\*JU*JUlt: 

If < camra •• tOLL ) 

•re Ptr «»tAH WD UOtfiS • (htjvtoo ♦ MWtAH.IOtlJOM.I.OfPUt) 
♦ mWtAH.tOtr.COl.W.OffttT; /• 512 • <960 ♦ 56) • 26 •/ 
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tUo 

< 

•rc^ptr M t NO RAM_UD_yOftO t ♦ (htJ*Mo ♦ MW*A*_>UlM_IOUI_OFfttT) 
♦ HIMOIUH^uTlljCOL^.orrttT; /• 511 • <f.*6 ♦ 31) ♦ 39 V 

) 

for C II ■ 0; II < ht_*ytoo; > 

( 

lor < JJ ■ 0; JJ < ud.Mord*; JJ~ ) 
•dot.ptr~ ■ •irc_ptr~; 

90 to tho boalmlr* of tho provfoui row 

•/ 

src _ptr NtlOftAMUDjOftOS ♦ wd_vord»; 

> 

) /• copyjMao_to_Oro« •/ 



copy th» •quAliit rtfironco of tht ojvon com»r» from tho 0r«* to C<*£rt* 

•/ 

I 

ULCNC •trc^ptr, •dit.ptr; 
ULONC offoot.Uvol; 
Int wdjrardt, ht_bytt»; 
Int M f JJ, «9u_oftUu; 
UIOMQ d»rk_off Mt • 0; 
rtfUttr otOKO ■•.•d; 

I f { eoMtr« »• toil ) 
C 

ht_byt«i ■ iOUJiT_mil; 
wd_«orcfc • «0UJ»>c*Df/ 
•fc _ptr ■ CULOhG •>I0U_t0UJKMIL; 
«*j_txUtt ■ roUoqu.oxUft; 
offoot_ltvol • rolt_offo«t; 

> 

OlM 

< 

ht_toytoa • ruiM.KTjTUt; 

wdj*Kd* • otAUJUD^WOtet; 

trc.ptr • (ULOnG •)»lA«JOUJiefm; 

•oj.uliti • plalnoqu.oftUu? 

offoot.lovol • plolooffoot; 

I 

If < •quoxUu ) 

( 

/• 

If tho «quoU lotion roforonc* ox I o to oot tho voluo of tho 
•• dork offoot col cut • tod froa tho poik tovol of 
•• tho dork <M0O hUtograa. 
•/ 

dork.offoot ■ •(USUI •)irc - ptr; 
/• 

•• fho Imoo tt tho iqMrm ohould ba txoctly oo NlrOrofl. to uso ill 
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to ulcuUto tho tffttt of tht •ctWt l«ooo 
- HOTC« M offft in « W >iOo^ 

M th# OOOO. 

if ( cmn ■• WLl ) 



> 

•tM 



> . 

trv+Ur tM bylti to th« word* 

t ■ •rc.ptr; 
IIMitJbytoo; 

do 

( 

d • dtt^ptr; 
)j«wd_t*rdt; 
do 

C 

•0-» • 

> wMU (••!!>: 

> *Uo C-IOJ 
•If IHO^DCtUO 

lood.it rtlafit.thruLUi.HtN.to.iousr*. O; 

rolol^.t-jausro. (of lMtJov.l.d.r k .off..t>^^.^->: 
OondTf 

> 

( lood.ttrtlflht.thrULUT.toJ^r*! <); 

> 

•tprftf.cmr* • cwn; 

> /* l0Od_0^Mf_t«J*** r- * V 



/ " 



~ clcuLt. * l»r..*t mv - .tor. t. th. MM for Ml* «««r 

< 

HOMO mm > * ftrs 
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f or ( — ■ 0; mm < 2W; m*~ ) 

for < o_d • 0; o_d < 256; > 
C * 

•ptr~ ■ 1 1? 

> 

> /• lood_ttro1oht_th«*UT_tojMniro» •/ 



r 



copy tho oqnollio r*f#f*nc« of fAU tho Dro. to I<M>" 

•y 

voio lood.*oU_o*jrtf.toJ<Hro» <V01D) 

( 

UITTI ••ro.ptr; 
uiono •dtt^er; 
<*t Mi 

UtOMa d«rk_of fMt; 



(f ( palaoqu.oUtt ) 

C 

•re jtr • (IMYTI •jWOM.IOM.urwU; 

dot ytt • (ULOMC •)IOU.OIUM,W$I; 

- tft fit tho volut of tht dark o'fstc ctlcuUM fro. tht p*ok 
•• ItvoL of tho dork l««QO hUtooro*. 

V 

d«rk_©ff»tt • •(ULOMC •)»re^tf> 

for < II ■ 0; II « WWJHD^WWj • «♦• > 
•dtt.otr** ■ •orc^ptr**; 

• If IAGDMUG 

lo*d_t t r • I oh i_lhrUJJ! Jtt*_«°- € * ,tr •» (I; 

itU# io*_oo**UT_to_causfo» (ptl«.of f Mt,*rkj>f fMt f *»1rod.o*jjrolw); 

tariff 

> 

•lit 

lood_otroloM_thfU.uT_toJo>*ro» (>; 



«|jrtf.e«Mrt • •AlH_iCAH; 
) /• lood_oqur«f_to_l<MDr»» •/ 

««ndl f /• MlM.SCAMttl •/ 



bilotf fwttom art tooown fpf f Inaor wirwr ond poll MOf*or 



C.lcuUtt tho oquolUo IUT TAIlf ond IWM to tht lOU.StAH 

vilD \o^.#0MUT.t0.f«ilr»« CUIOKQ OffMt. UU*0 dofkofftot, UU»fi dotlrod) 

( 

mono *_d, m , •pte. out, w, to; 
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ptr • (UL0K4 •)tCUJJJMJMt; 



for < i_d • 0; o_d « 256; t_o>* ) 

for ( m • Oj ao» « 256] ) 

C 

oo m floor 0 (m*, dorkoffttt); 

If C 00 l« 0 > 

( 

out • tUU*QHOOtlroo>offMt> * 
f loorO(t > d,oorl( w offftU / oo; 

If (out ► of lot) 

out ■ out • offMt; 

oUft out • 0; 

> 

•loo 

out ■ 254; 

If ( out < 0 ) 
out • 0; 

If ( out > 254 ) 
out • 254; 

•ptr** • out | 1; 

> 

) /• lood_oqulUT_to_COUiroo •/ 



/• 

•• CalcuUCt tht Straight Thru of «tw lw«« »nd ttoro to th« t*j Urn 

V 

VOID lood^itrolght.thruLUT.to.lqjJron (VOID) 
< 

UION0 o_d, mm, •ptr; 

ptr • (UCONC •)lQUJUAHJUSt; 

far < o_d • 0; o.d « 250; o_d~ ) 

fo7 ( mm • 0; mm < 256; ) 
i 

> 

) /• lood^otroloht.thrutUT.to.toulroo •/ 
flf IW^plfW 

/ 1 

r 

aicuUto tht ttrolfht Thru of mmory'% 4«igo ond atoro to Cho Eou trm 
MOTH Thlo rout lot U for dotaJ0fl1<* pwrpo«« 

•/ 

voto lood.»troloht.thrutUTJ«il.toJojuSroo (V0I0) 
( 

UUM t_d, pom, *ptr; 



ptr • CUL0M0 •)|OU^ttAK_tA«; 

for { a_d • 0; a_d « 256; i_d~ ) 
for ( mm • 0; aoo « 256; 
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< 

•ptr+* • mm | 1| 
> 

fondtf 

/• " 

/♦ 

•• Calculate tho dlvlalon to Mt rid of tho ovtrflcu 
•/ 

ULOMO f lOOCO (ULONQ a, UlCMO b) 
( 

If < ■ >• b ) 

roturn (■ • b); 

•lot 

roturn (0); 
> /• floorO V 

/ 

/• 

•• Satup tht ba»U graphic function 
V 

void attup.oraphtc <votd> 
i 

•at.conflo <0, 10); 
c loor_oho t o_ocroon< ) ; 

Mlfontjd • InatoUJont <4corpuL29); 
blafontjd - Inatatljont <icorpu»49); 

talon fonttCOMuW) ■ Imtolljont (Uorpu«29>; 
talonJontfCOOfUiitl • Inotall.fofit (Uarpua4t>; 

atioctjont (anlfontjdlj 
itt.font Info <aolfontjd, ifontlnfo); 
•nlfont.charhloh • fontlnfo.ehirhlgh; 
onlfont^ehamlda « fontlnfo.chamldt; 

Mloct.font (blgfontjd); 
aot.fontlnfo (blafontjd, Ifontlnfo); 
blffont^ehamion • fonttnfo.charhtah; 
blgfont'charuldo • fontlnfo.choruldt; 
) I* ootvpjpraphlc V 



/• ond of fltpjnlt.c V 
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« MU mMt uaarlntf.c 

• furpoaa: Ua«r Intirfaca on •comer lor talon 1000. 
« 

• Oate: Jon-05-94 

• Author: Ulan Yu 

• MUtory: 

• 05*12*94 Joyco Young, fill *\rOrm with OnWFffff U not rtaodod. 

• 06-11-94 Joyce Toung, add flfndef m for «PA 

• 06-50*94 tUan Yu, turn grabber on 2 frame In PrevlnltAct 

• 09-11-94 Joyce Young, odd dlaptay.taatO to dUpley general Nceaee to 

colt ttat.outO 4 kanJI.outO aeperately 

• 09/22/94 JY, aovo setup of talonJontCCO*rVS29J I t«lon.fontCC0MUU9J 

from PHntYltleO to teUp.grephUU, otherwise. If celling 
PHntYltleO eeverel ttnea, i#IU neee up the talonjont toblo 

• 11-11*94 JY. doloto flfndef K*A, to keep displaying PUNfune 1«ega 

• 11-17*94 JY f odd tMtJonothC) to fit text length to coll teet_nldthO 

4 IcenJIJengthO aeperately 

• 11/10/94 JY, delete CAPTJUORT cote 

• 12-21*94 IT, Hied dlapliylng MlNfcnc l«age 

• 01/21/93 JY, delatt unnecessary Include (Hot 

• 02/17/95 TS, «ovtd out button action rout I not to fngreept 



I* - includes 

flncludo "atdtypea.h" 
f include "colordef.h" 
flncludo "coorddif.h" 
•Include "gspjdefa.h" 
flncludo "gspjent.h" 
flncludo "gip.teat.h" 
flncludo "lfV9ld0i.il 1 ' 
flncludo "■aw.elta.h" 



/• • (Atomet functions 

f prototype 

VOID Vrtntfltle OAI0); 

VOID dlipiiy.tiit {WORT M, SHORT yy, VOID 'string, SHORt knjjont); 
SNORT tilt length (VOID *itrlng, SHORT knj.font); 



/• Global van / 

SCRYW.T tttletextO ■ 

( ( C0RPUS49, GRfY*% WHITE, YIYUJXY.X, WUJXTjr. IIUfJIY.X, 

iiyu roiYji, o, iifu.m >, 

i C0RrW9. 0MY4, IMlYt, C0*YR|GIIYJXT_X, C0P1RIGKTJXY J, COPYRIGHT JXTJl, 
C09YtlONf.fOVY.il, 0, CO»TllC»T.TIT ), 
flfndef PAUl.tXAlMI 

{ 0WUS29 # 0RIY4, WITt, «RSI0R_Y«T J, VtRI lOR.fXt JT, VERIIOiJXYjI. 

mttmjmij. o # fnmjujm ) 

ielee 

c C0RWS29, ci£Y6, umiti, virsicsMxt.x. viiiiox.mj, mumjxij,, 
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VMSIW.fOMTJI, 0 # »AUI_VCt_TXT > 
fondlf 

); 



r 

/• 

Olsplsy tht glvon string on cht (xx 4 yy> position lor slthor English or 
KsnJI 

•/ 

voio dlsptoy_toxt (SMOJT u, IMOST yy, VOI0 ^string, SHORT knjjont) 
< 

llfndtf UN J I 

tsxt.out <m, yy, (chsr ^string); 
Mm 

konj(_out Cm, yy, (SHORT Mitring, knjjont); 
Stndlf 

) /• dlsplty_t«st V 

/ 

/• 

•* Got tho longtft of tho glvon ttrlr* tlthtr for English or for KsnJI 
•/ 

SHORT UUjongth (V010 "string, SNORT knjjont) 
( 

short tic.v; 

flfndsf KAJfJl 

tat ji • tostjrtdth CCchsr «>strlng); 
Ml so 

Wj* • konJIJongth ((SHORT Mitring, knjjont); 
•ondlf 

rotMrn (tn(_w); 
) /• tsstjonst* •/ 



• tit* nonoi FrlntTltlsO 
« 

• rurpost : DUplsy tho TAtOSJ 1000 Htio snd copyright 

• Osts: J on* 05-94 

• Author i Clton Tu 



VOIO >rlntTltlo (VOIO) 

c 

SCRTCXTJ -Utptr; 
short t*tj#; 

r 

Cospony tltU 

V 

tstptr • itlttstsitrOl; 

s«t_cotors( tstptr-»fcolor, titptr*>bcolor ); 
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Mt«ctjant< Ul«*Jonttt*tptr->fontl ); 

wtji • mtjiWth C utptr->*trptr I; 

tutptr^ipow • itCMJi • tatjO / *; 

tMt„ftJtC Utptr*>npo«n, tttptr-nfpw«i t*tptr-Mtrptr ); 

/• 

Copyftfht 

•/ 

tiuptr • itUUtotCU; 

»*t_c»lort< txtp«f->lc«lof. mptf*>bcolor ); 

■•l«ct.font( t«lonjcnttutptr->fontl ); 

tntjt • mtj»MCh C Utptf»»trptr ); 

utptr*»xpoM • csctjy • ut.«) / 2; 

ttxt.ouU tttptf>«po»ni tJHplf>ypotn # tmtptr-Mtrptf >; 

/• 

~ v«r«1on and typt «cinmr 
•/ 

utptr • ttltuttxt(21; 

Mf_color«< t*tptr-»fcolor # tatptr->be«lor ); 
Ml*et_font< wlonjontttatptrofontj ); 

uc.m • w«t_*ldth ( wtptr-Mtrptf ); 
titptr->«po«n - (SOMI - t»t_w> / *; 

t«at_out< t*tptr-»*p<»«. utptr->ypo»n # Utptr-Mtrpir >; 

> /• PrtntTUU •/ 
/• «nd of ut*rlntf.c •/ 
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• MU ohms alafo.c 

• harpofi tout Into lor handling aanory laooot in tht 34010. 

• Oatot 0et*0S-93 

• Authors loa Sartor 

• NUtoryi 



/• 

•incluoo »alalo.h* 

void bytobU() 4 byt«fll()| 



/ 

Inciuoofl V 



/ ' 

void m\mjrm*(d, ij> t h) 

Mm »d; 
tfufpwd <fcar 

Int l,w # h; 

< 

d*»a • a; 
d-M • t; 
d->« • w; 
d«»h * h; 

) 



/• ' 

void ala_fUboat<i # d,x,y,w,h) 
NIK •i,*d; 

int x,y,«,h; 

d->| • • 

d->a • <a*>a>«K*y*(d->l); 
d->w ■ m; 
d-»h « h; 

) 

/ •/ 

void ala_aovt(a,d) 
MM U*4; 

( 

> 

/ / 

void alajwva^cu.d^c) 
nm •i/d; 

Int c; 
( 

bytablt(a*»0,U-HM<3,d*M,<d-M)««J,i-»M-^#O; 

) 

/ / 

utatanad dior • ala_a4r{a,ft # y) 
MU ••; 

i*t * # y; 
( 

rotwrfK ( • »*a o - > U ); 

) 
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veld aloftluCt, tij h) 

•w • ••>*; 
•h ■ ••>*; 



int •UJneU; 

fi(um(f»|); 



' / 

void alfi_HU(d, v) 

iftt v; 

byt«fll(vU«ff,d-»« # (d-»l)<O v d->h ( d->ii # 0s000c); 



' / 

void •l«JfU_c<d, v, c) 

«l« «dj 

Int v,c; 

byt€fU(vtO*ff,d-M # <d->l)«3,d->h,d-*w,c); 



• end of •lolo.c •/ 
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/• 

•• Mlsnoovi trobbcr.c 



turposst ftoutfnes to hendls ths Qrebb«r. 
Oittt 11/14/93 
•* Authors Joyce Tow 
•* History] 

05/05/94 Joyce Tour*, Add eosk rsglstsr for dUpl.y (QUStCR CTttl IAS£) 
01/04/91 Ills* Tu # Chsnee Identttln stylo. 
•• 04/13/?1 ts . oddsd dtffsrsnt turner *_orx_r»rmi t «odlf|«d twrnoff, 

"ovod prototypes to flip furc.h 
04/19/95 ft - AdcUd eomti. 

•/ 

'include td types. h" 
fincluds ■l«o_dcfs.h« 
•Include •s*S5.sddr.h* 
'Include "itp.fune.h** 



- InltUlUt the CS* Grsbbsr: .stup ths Video Control end Grobber Control. 
•/ 

VOI0 In! t_|ip_gr ebber <VQ|D) 

( 

/• 

*• letup ths Video Control: 

•• rood ths SystSA fteeourcee (eddreet Is ths son* ss Video Control), 

- If tho vslus of tho fVCA Syne Input do toe tod (bit 0) It 0 (norm.! f f t) 

- thon sot Vlooo Source ss Cat erne I tyre Source fbltf-O . 01). othentfss/ 
•* sst st Interne! Sync Sourcs <blt1-0 ■ 00). 

V 

•fULOM •)Vl0CO - CO«T«O(.JASC e 0*00000000; 
•CUOMO •>CftAilCft_CTflM~iASC • Mfffffff, 

/• 

Turn ths Orebber Off 

V 

turn_grso_off (I0U); 
> /• 1»1t_ftp_|rsbbsr •/ 

- turn Grsb off, polling Grsbbsr ststut Cf II off (bltO • 0). 

V 

VOIP turn_o,rsb_off < <Moo_typs_t ensre) 

( 

flfndif 0ISAftlt_CIAt 

/•— Is suro bit T bs clsorsd, no loess reduction 
If ( css>ts tOU ) 

•<WTTt •)OMOSa.CT«L0 SAW • 0*70; 

slss 

•<WTTf *)CUlUft M C?tL0_IASC • OsEO; 

/• 

uslt for Orsb li dlssbled (IITO bscosai 1) 

•/ 

«hiu < uccuiTTc •)Cftutet_cmo_iAtc) i i> > 
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/ 



t»lt l9f tht VIUMK tWl \amt\mt doo. not 

NOUi nood to utt V1UWC off/on. othimlM, Crrtbir •on.tl... do., no 

•* r.illy ww off 
•/ 

«MW ( t«*<WTU •)CftAMCt.CT»t0.tAS€> 1 2) ) 



* 



#«ndlf 

) /• turn_irob_off •/ 



turn OroObor on ■lib r«kx«l dttpUy 
polling *r***r tMtui till on (bltO • 1). 

VOID torn _or.b_on <l«-flt.typ..t ca«r., <nt frtme.nu.) 

( 

flfn*f DlttlU.CIAI 

tnt <n 

If ( t«Mfi ROIL ) 

•(UITTI ♦)CIUIHt.CHLO.MS£ • 0*ff; 

•(utm •>6Miu«.ctuo.tAst • oaf; 

Mil for Cr»b U .noblid <•"<> btco-t. 0) 

•/ 

whiw < ({•cuitti •>awiictci*io_Mse> * *> > 



for < II • 0; II < 1r**J*»; H~ > 

Liu t Kccutm mciamw.ct"*-"™ & z> > 

i 

yhllt ( (C(U9TTC MOMM£i.CTtL0.tA$n 4 2) > 
> 

tondlf 

) /• turn.grtb^on •/ 



/ 

/• 

- turn Crtttbor on with aotmI dlipUy 

•• polling Crohbtr ititus till on {bUO • 1). 

ttio turn_grob_onjwm.l H-HjYPO c«-r. ( Int fr«j«> 

C 

flfndif OltAltl.CAAi 

Int II; 

If ( c«Mr« toil > 

# (UITTI •)CIAM«.CTItO -r U« ■ OiTf; 

•(WTTI •)CtAWU.CTILO^IAU • OUf; 
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typ**f cm lM9t_typ*_t 



PUM, 
KMUMtftA 

> ••••♦.typt.t; 
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mm 



M1«mi 1«ojdtfo-li 

rvrpoo* Off Inltlom to hondlo tho <i»ott dftplty or copturt for Host, 
DSP and UP. 

10/nm 

Joyce Totf* 



OoUl 

Auction 
atvludi 

11/02/9* 
01/26794 
02/02/94 
02/02/94 



CI Ion Tu 

Joyce yw, Add wujicsoLUTioa t rum.icsonjiioii 

tUon Tu # toptrote irvto l«g_«*f*.h and l*ootot»«h. 
joyct Your*, Add tho d*fl nit loot for the PAL* centre 
l7/21/94 - JY, Add llfdef HEV_MU to tupport new PALA 
01/U/9S • Jt, chonoe pel* pUele for new W»A p*lo 



ilfrvkf IKO.om.N 
Meflne mojkmji 



fldtfirff 


IOU.JUD_iYTU 


060 


•define 


tOttJUDJWUDI 


CtOUJBJNttS / 4) 


*0*fiM 


ftOLLjMTJITTII 


960 


Mtflf* 


MUJUD_PSXCLf 


960 


edeflne 




960 


edtflne 


■oujffjBfoufflQN 


600 


edeffftt 


■OUJffJKSOUlTiai 


600 


ftbtflnt 




6 


edeflne 


ruin.wo.inct 


1600 


Mcflna 




CrUlM.UD.iTTCS / 4) 


edeflne 


OUWjT.ITTtS 


976 


edeflne 




1600 


edtflne 




976 


fdtftne 


PUm.Nf.tCSOLUTION 


500 


edeflne 


PUMR.VTJUfOU/TIOtf 


500 


*fcf If* 


HAt^HT.Mtfim 


• 



llfdef NfW_»AlN 
Odeftne PALMJ0JIKU 
•define fAW.HT.flttUl 
•define PAUIJITJttlOUITIO* 
•define PAIM.VT.UIOUJT10M 
•define PAlH.ilt^Ct^lXCl 

•define Kiwjupjtms 
•define mijrjitfit 

•define «IL,«TJ ISOtUT tOU 

•define Kca.vT.it toun i w 

•define miJUJWIUL 
•fllM 

•define fALMJhO.ITTtf 

ftfcfine PAlM.UDJAKOf 

•diflnt PAl*jn_0TTU 

•define r«jij0.'ftmt 

•define fAUI^IIT^imf 
•define fAUIJITJUSOUITIO* 
•define OAUI.Vt^MSaUTia 

*kfifw ninjiijutmi 

•tfdlf 



2400 
2040 
306 



/« pixel* per row V 
/• row* •/ 



2400 
1040 

Mtn.nT.tfsounioM 

fAufvTJK SOU/TIC* 

• 

2746 

(•AUIJOmtt / 4) 
2746* 

MUI.WD_tfT« 

•AW.Mf.tTTII 

$00* 

500 

I 



/• 
/• 



pUoU per r 



on •/ 



/• 

toil* oust bt 0 



#«ndlf /• HCIIJkLlCJI •/ 



WO 97/41928 
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•miff /• OVJMf •/ 
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1 
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CSf.COff.flOGUA nil I bt stored after til tablet, then followed by 

n*Atjiuctj*oo«. 

V 

•define 0SPGSf_Oi©_aif 0*C0002000 /* OxIOOW V 



/« 

The 

•• for 



order of the fC.fAxAKtTttf (ULOKC)i 
finger tcemer 
1. fl« of the Mil equalization file exUU (iMxIite) 
Uh of the HAW equalisation flit exlati O -ox lata) 
J. fUf of the peroaater flit exlate (1-exlete> 
i f . # . the iwebere of tht veluee In the pera.dat flU If «»•!• 



for 

•/ 

•define 



f el« icamtr 

1. flag of the fAl* equalisation flU <peU.e*J> exlou <1»exltte> 

2. fUf of the f ALU d**orplno IIU CpoUkurp) tsloU 



PC.PUA^TMf 



OxC0004000 



/• 0*40 



•• The general return reeuttt of OSP cownend proceaelng, defined In the 
aeanomJ.h, till be stored efter ell l**9« peremetera In WJAMMCTMS. 
If totel nuabera of the 1ti9i perematere exceed to 0*40 In the future, 

•• thle eddrete neede to be changed. 

•/ 

•define CGKKAWJlErUxMjK SUITS OxC0004600 /* reeerved 10W epecee */ 



•• below for Mnger econner 
•/ 

•define STa*16MT_TMU_unm 

•define murUNC^WUTTIL 

•def Ine FNCi.TACOtllO.lUTIK 

•define taiJOUJKffaU 

•define fUIM«JJKMIL 



0xC0O04600 
OxC0064600 
0«CO 104600 
On C0 164000 
OxC066C600 



/• 0e4000 256*256/4 •/ 
/• 0x4000 256*256/4 •/ 
/• 0x4000 256*256/4 •/ 
/• 0x36400 960*060/4 •/ 
/• 0x5*500 1600*976/4 •/ 



GO HAM eddreee In fngroape^carJ 4 fngrotpj .c«d need to be notched with 
•• FKCx GSf_C0fF_f , x00*AJI. If ony on* boon chr*«3, chanoe the other, too 

•/ 

•define fiG*_CSf_COf f_f *0GxAM 0xCH766O0 /* 0x7000 */ 

•define fHCi%11IAl.lnAa.A0Ot OxCAOOOOOO 



** bole* for PALM tcemer 

*/ 
/■ 

•• CDtAN eddreeo In peloejepe.cxd 
f xl* B CSP_C0f f _f xOCIUII . If eny 

V 

•define MJIJW.Ufm 
•define fAUI_CSP_COfr_fROGUI< 

•Ifndef VfU.fALN 

•define PAm_MMAtJhACI_ADOt 

ielte 

•define fXLH.onttJlf.t6l 

Odeflne mi.flHALJHAGC.AMt 

•define fALM.f IMALjNACC.AOOt 

If 



6 piUvspj.ced need to be notched with 
been changed, change the other, too 



/• 2400/4 •/ 
/• 0x7000 •/ 



OxC0004600 
OxCOOOCOOO 



OxCOOECBOO 

0XCO0CC600 
OxCOOftOOO 
OxClJfDOOO 



/• 2746*2746/4«0x1Ca84 •/ 

/• 0x300 (3072/4) •/ 

/o 2400*1040/4*0x98560 V 

/• 2400*20A0/4-Ox12ed4O •/ 



WO 97/41528 



PCT/US97/074Z7 



- 69 - 



•« 

Ptr 

•/ 

ftfcMr* 



1. f l« 9 of tht tOU oo>itllMtlon flit uliti (Uoxloto) 

2. flog of tho PUH «xjtllxotlon flit txlito tltxUtt) 
S. fit* of tht ptrtootor fllo oxlatt O-txtttO 

4.... tht n**r* of tht volutt In tht ptrt.dtt flit If taltti 

Nlo oconntr 

I. flag of tht PALM oojJOllutlon fllo Iptlo.o^) txlota (1«txltto) 
2- flofl of tht PALM dwtrplno fllo <poU*«rp> Ct.«ltt.) 



PC PAAAKCTCtS 



0x000200 



Tht rttultt of iht ploton chtok for tht flnotr tctnntr, dtf Inad In tht 
.trueturt of pUttn.chotk.rotult.t In octncoxd.h, «IU bt ttortd tfttr 
•• all lotto ptrtmattrt In PC/AMMfTUS. 

If total nuifctra of tht loaot ptrtmtttrt oxcttd to 0.40 In tht futurt. 

•• thtt tddrtti nttdt to bt chanotd. 

V 

M flM COtUttJttTUtNJteSULTS OxCOOOO 



/• rtttrvid 10W tptctt •/ 



bale* for f Infltr tctnntr 

V 

tOfl f I At IT KA I MT_T * tUtUT T ll 

Odtflnt NlnrUNC^LUTm 

Odaflnt WClMACGIIlCJJintL 

iotflnt tOLL.fOJ.KCFTIL 

fdtffnt PLAlMWJUf TIL 



0*000240 
OaC04240 
0*006240 
QXC0C240 
0*C44640 



/• 0i4000 256-256/4 •/ 

/♦ 0*4000 256*256/4 •/ 

/• 0*4000 256*256/4 •/ 

/• 0*36400 960**60/4 •/ 

/• 0*5f50O 160Q*976/4 •/ 



GOftAM oddrttt In fnowpt.corf 
FNC«_CSP_COff_P«OCAAJ<. If any 

•/ 

Oooftnt mCt.CSP.OOff.POOOAAM 
•Otf lot 9 UGMJ IIUL J NA«_AO0* 



& fngrgtpj.cn* nttd to bt ootchtd Mlth 
or* bttn chtnotd, chantt tht othtr. too 



0x0X3640 
OafOOOOO 



/• 0x7000 •/ 



btlow for PALM tctnmr i 

•/ 
/* 

GDKAM oddrttt In ptlootpt.e-d 4 pal«9ipj.cad nttd to bt ootchtd olth 
PALM_CSP_COM_Pt<xaAM< If tny ont bttn chtnotd, chongt tht othtr, too 

*/ 

Odtflnt PAlM_MU_Ufm 0x000240 
Odfflnt PALM_GSP_C0ff_PI0CtAH OxC00640 



/• 2400/4 •/ 
/* 0x7000 •/ 



llfootf ICVPALM 

fdtflnt PAIM.MIAXJMACI.AOO* 

lotto 

Mtflnt Px4MDCUAiP_m 

fdiflno NUL.fllUL.IMAa.AOOft 

idtflnt PALMjtlUL.lMAfie.A00t 
Oondlf 

tout r CiPJIA* •/ 



0x007640 
0x007640 

oxcomo 

OxOTCCO 



/• 27U»274674«0x1CCE84 •/ 

/• 0x300 CJ072/4) •/ 

/• 2400«1040/4-Oi98580 •/ 

/• 2400*2040/4«0x12ad40 •/ 



•• Oroa trtt to otort tht loaot prtcttt bjf «*0 longtht 

Tht firtt 2 itoxs, ospw.otcour, njmnmt *iu bt tho oi 

•* to tht flnotr acorrer tnd tht polo tetnntr. 



trtt 
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/• 

Mlsnomi swowUch 
•* Purpotos Otf Inltlon of —wry otlocotlon of toftworo. 
" If tho progrojs wonts to run Ctt/MMAe/SOSI function* rndsr 

tho DIP oap, odd tht coopllor option -<f>$*JlA»; othorwloo, 
thooo function* Mill mi undor os» «p. 
Ostt: OS/27/94 
Author i Joyco Young 
History! 

02/04/94 Joycs Toung, Add tho dof Inltlon* of tho CSP OtAM MMCs 

03/19/94 Joyco Young, ftcorrongo tho Or ssdo nfco 

04/07/94 Joyct Young, ftttrrsngt tho Orssdsnks to support KonJI 

OS/20/94 II Ion Tu, tooevod unnocttssry do fl no's. Oisngsd tho 
*• 9HVIJ I KAl jHAU.ADOt from 0x100000 to Oxf 00000 

06/07/94 Joyco Young, odd COfUttJTCTUtMJKSULTS to support pi a ten chock. 

04/13/94 Joyct Young, oodlfy tho cmti 

11/22/94 JY, odd ilfndof *CW_fAU< to support now MIA 
•• 01/10/95 JY, sndffy for polo t obits 
•/ 

dlfrdtf WH.ALLC.N 
ftHdrs ISEM^ALLC.II 

/* 

t«low mmmory a*p» sro dlfforont froo Ot* ord CSP. 
•• ut uso tho socio now* on tho both csr sod osr codes, but 

caipllt Mlth 'dDSf.Mf option If tht progrow Is ssulotod on Dtr or 
cooptls without -oWJWP option If tht progroo Is ooulstod on CSP. 

•/ 



tffoof DSTJO* 
/• 

N0TC: flngtr sconmr will uso SonkO 4 isnkJ, 
•* pola • conntr will uso stl bonks* 

** If ony sddrooo Is chtngod In m*n_*ddr.h, sisks surt tht sddrtss htrt 

** will bo ootehod. 

♦ ♦ 

- OrstdonkQ: OxC00100 | 1N words vol Id | 

•• Orssdonkl: 0x000000 | 1M words vol Id | 

— • « 

Oroxdortt: 0U00OO0 | in words vol Id | 

•« - ♦ 

OroodortSt 0*f OOOOO | 1M words vol Id | 

♦ 

V 



r 

♦* Orot) orto to storo tho Iswgt procoos by «tO longthx 

Tht first 2 Itssn, 0VWJB9OJU9, PCJAMMlim will bo tho sous trot 
99 to tho f Ingor sconmr and tho pola sconmr. 

•• CVJXffjnocju* will bo storod of tor oil toblos, thsn followod by 

V 

ddsflno otpcs*_OK>_sw OxCOOlOO /• OilOOtf v 



r 

•• Yhc ordtr of tho •C.rAJWMtTitl (ULOttO)f 
•• for flngor scsnnor 
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" Hleneaei Ingtlofce.h 

•* furpocei Oeftnltlon A variables to handle the (negte display or capture 
on OSP/GSP. 
Petal 10/11/93 
Author 1 Joyce Young 
•• levleedi 

11/02/93 • Itlan Tu 
•• 0o/07/*4 - tlten Vti, Support platan chock function, add dlrty.threehold 
•• and dmae.threehold to tht l«*g«_objtct_t atructura. 

11/14/94 • JT, datato CAPT^AIORT In captura.t; 
•• expend length of Icjieev In la»ge_ebject_t 

•• 12/21/94 • it, add CA/TJMU I OMJAVtJUA In capture^ 
•/ 

f include •ttdtypta.h" 

•ifndef INCCLOtS.a 
ideMr* tNCClOtt.K 

typed* f amni ctptur«_t 

C 

CAMJWJLEtPOHU, 

o*r_umm s /• iou or run for ringer, mn t neci for pau •/ 

WTjUtSMG, /• alaiing f1ng#r/h«nd •/ 

CAPTJftOHG.We, /• l«v*9< typ* and ftngor oleAetched •/ 

CAPTJWU, /• 4 reserved for AOHITJUOBT •/ 

CAf^WVtjAU /• save PALM only; only mod by pain acannar •/ 
> ctpture.t; 

/• 

•• If NAXJAME.ICH In acanonnd.h expends, lc_ne*e needs to expand too. 
•/ 

typedef struct 1«ego_object_t 

( 

U10MC Icoad; /• tOU, PUU •/ 

UIONC IcjHte; /• elxeof (leeflt^ooJect.O/eUeof (U10«C) •/ 

U10MC Ic^acentype; /• $ITPt_... V 

mono Ic.laajtypo; /• aou, HAta or sain •/ 

U10M0 U_set; /• OK of shifted Inego toa •/ 

WIOMQ Ic^addr; /• the addreaa af <«*gc •/ 

UL0NC lc_naa»(11);/* convict nam <4 ch«n/UlONC) •/ 

UUMG Ic_reaerve1; 

UUMC Ic.d I rty_ threshold; 

UUXQ 1c_daa»go_thre*hold; 
U10N0 fc B reeerve2; 

UIQNO lc_flag; r the flag Indicate all words written V 

>• l«eoe_obj«ct_t; 



•endlf /* IMCGlOeSji •/ 
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r 

Mltfuatf gtp^func.h 

Hrpottt function prototype* 

Oittt 04*19-95 
•• Authors CUtn tu 
•* MUtoryi 

V 

/• 0r*tt*r.c •/ 

VOI0 lnlt_Q»p_|r»bb«f <VOI0>; 

VO10 tum^ofib^oM <<»«a«_typ#_t eamra); 

VOtO tvrnjrob_on (<M9«_typ«_t cairi, *rit trmmjx*); 

VOID tuoi_g rab_on_norM I ( Iptr e_rrP*.t camri, Int fr*nt_rw); 

VOIO i*ftJor_trtb_VtUNX_onoft (VOID); 
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/• Mtadtn 0i/t1000/gip/«l«<o.h.v 1.0 09 Apr 1993 11:06:02 T« ft ♦/ 
/• 

9 Koot a*/t1000/9tp/»1a<o.hv t 

fttv 1.0 00 Apr 1999 11x06:02 TOM 

• InttUt rtvltlon. 

• itv 1.2 26 Oct 1992 17iUsS0 TON 

• odood alaJUt dictifttlani 
t 

Itv 1.1 16 Oct 1992 01:52:10 TON 

• ttv 1.0 16 Up 1992 10:41 104 TOM 

• InltUI revltlon. 

V 

flUt ■Uto.h 

definitions for acaory l**g« loamonto 
only 0-bit pUiU oro «Uow«d 



typodof otruct tlMgt < 

mfamd chor /• addroot of f Int tloatm of f lr»t row •/ 

* nt /• Increment In bytet fro* row to row •/ 

fit w; /• laaoe width •/ 

R ; /• laaoe height •/ 

> NtN; 

void alonowlNIN •d.uwlaned chor *e,lnt I, Int y,lnt h >; 

void ala_»UNet< NIH *e,N!M •djnt *,lnt y,lnt »,1nt h ); 

void ala_aove< NtN •g,NIM »d ); 

void ata_e«ve_c< NIN •# NIN M,lnt c); 

void ■f«.op,oovo( NIN U.HM *d ); 

untlontd chtr •nimjmlri NIN i.lnt y ); 

void ftla_i1ie( NIN Int *w, Int *h ); 

Int •<ajnc< NIN ••); 

void alaJHK NIN »d, Int v ); 

void ili.fllU( nin Int v, Int c ); 
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ftlonjMi fipj«e»tti 

Purpotat Oaf Inltlon 4 varfabloo to hondto tht Itaota display or capturo, 
Dotal 11/01/94 
Author i Ulan tu 
Ntatorys 

02/20/94 Joyto Touno, owilfy tha NIMOftAM affaat 

06/03/94 Jffrct T*#*, odjuat tht offaat of ROU/9LAIN actlva iMffo In 

KIMOAAM for rmt board 
06/09/94 tlltn Tu, add idaflno HWTOTTH dl ff aranca tho har^ro 

prototypa board and othar new ravtolona. 



ilfndaf CSP.MCSJI 
idaflno WJKCtji 



idaflno 

idaflna 

MtMnt 

idaflno 

idaflno 

flfndtf 

idaflno 

idaflna 

Ma fin* 

idaffna 

idaflna 

idaflno 

ialaa 

idcflno 

idaffna 

Odtflna 

Odaflna 

idaflno 

•andlf 



NIKOtAMUD.IYTCS 
MIND RAM JUDJMOMS 
HUDIUAJIT.ITTIS 
MIICOIAM^ITCN.irrff 
MtKOtAMMTCM_llfS 

ptoronrt 

HlMOtAHJOLt.tOU^OfrUT 
AIK0*AAJlOU_CO<.Jf - OmCT 
NIMOMNftOU.COlJJttMET 
MINOtAM.PlAI H.MM.I.Or fSCT 
N!KOftAM_PlAI M.COtJM.OrrSCT 



2040 

<M|tttAM>0.ftTTCS / 4> 
1024 
2044 

(MI»IU«_PI!CII_iTT£S • 6) 



r 0»4000 •/ 



36 

24 

(HUDItAKJlOUJ»lJJ_OffS6T • 4) 

31 
36 



NlMDIWmAI^COt.iJWtfT (HUOtAM^UtH.COL.V.Of FSCT • 4) 

MllO*AHJI0U_IJirFS€T 12 
*\m*A*JO0lJ*J>ft*tl 24 

MlNOHM^COi^l.OfFUT (NltlDftM_CKJf„OMSCT • 4) 
W»tAA_iUU_COlJM)*rUT 13 

m»*A«%UIIM»L_l_0ffttT ( M I HOOPLA I M_COt_*_Of F $€ T • 4) 



idaflno OUVRAMJkO.tnU 

idaflna CMVtAAJlT.imf 

idaflno CftMJW_Pl TOOTHS 

idaflna 0MVUAPlTCM_SIT« 

idaflno DJYVUAVDJTU* 

idaflno OPTVRAMJTjneS 

idaflno OPTVIAH^P | TCH.OYT CS 

idaflna DfTVtAA/ITCII.lITS 

idaflno tOUJITClMYTCS 

idaflno tai^lTCK.IITI 

idaflna IOU_0*tVlAA_FMTC« 

idaffna lOU.OPTVtAK/ltei 

idaflno lOU.OTDIJfiu 

idaflno PlAli.NTCII.iYTIl 

idaflna PUSV.PITCft.ilTi 

idaflno ^UIV.CUVUMJITCN 

idaflno HAlO.OmiAM.PITCII 

idaflno nAtM_OYDIVAL 



1024 
1024 
1024 

(MlYiAMPITCH.Wf.S • 8) 



1024 
1024 
1024 

(1024 • 6) 



/• 0*2000 •/ 



/• 0*2000 •/ 



1024 

tlOU.MTCH.WUS • •> 
(-(CtlVW.HTCll_lltt • 4)) 
(OiTVtAAM TCH.il TS • 3) 

CfCOwJoUJI • 12) / *) «« 16) | CMJMUJi - 
2040 

(nAli.PITCll.iTUS * 6) 
(•(ttiVlAM_NTCH_llTS • 2)) 
(0PYVIAA/ITCM11TS) 

((MG.'UUJI * 12) «< 14) | (WC.PUMIJY - 12) 



16)) 



•~n>9 /• CS*J«C$Ji •/ 
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OtAU 



typadtf tnu» 

( 

SCANJCET, 
SAVEJBt 



typodtf onu* 

( 

UTJMJlDOt, 
tEiOjOttVM, 
VRITt.tOtlVU 
> KU^UITJtCSUtf.Tm; 

ryfMdtf tfiUi 

{ ! 
UMPRESSCD^ftUTTOM. 

m$ttD_tUTTC* 



/■ 

•• Attributes for ttxt dUpltytd oa ternn 
•/ 

typedef ttruct 

( 



thor t 


font; 


/* foot Index of tht ttloojont ttblt */ 


thort 


fcolor; 


/• foreground color •/ 


thort 


bcolor; 


/• bockoround color •/ 


thort 


upotn; 


/• x petition •/ 


thOTt 


ypotn; 


/• y petition •/ 


theft 


it tan; 


/• Alfonmnt (roUtlvo to btitlint or toploft) 


thort 


fontji; 


/• holoht of font V 


thort 


ttttji; 


/• width of tott ttrfng •/ 


chtr 


•ttrptr; 


/• tut ttrlna ptr •/ 


) scran j; 





typedof ttruct 

( 

lMOf_t)pt_t 

tctn_typt_t 
ULOMQ 

UtffC 

usne 

> IPUCCJITTII.T; 



ctmtrt; 

htnd; 

fngjnui; 

tt or t^eddr; 

•trc^oddr; 

•dit.oddr; 



•ondlf r WJVtJk V 
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typ«M 

< 

mcvjusswc, 

MIVJM, 
MCVJM, 
MCV JMSFNG, 
WTJICFCAT, 

COTJUCtl, 
UACC_SYMT, 
PlACt JMW, 
tOtt.CONTIWJ( 9 
tOUJfM 
) KETACTJ1PC; 



typ«M 

( 

RIGHT, 

tin 

> HAMD.fYK; 

typtdtf tfkn 

< 

tOUjUCNYJMMt, 

lOUjtlCKYJKOM, 

tOUJtlCNTjUOOU, 

«0UJUC*TJUNC, 

tOUJMCKTJJYTU, 

tOLl^Lf f T_T*Jtt. 

ftQIl.tl'TjNMS, 

MUJLgffJIIMlI, 

NUJJffJUM. 

R0ll_ttf T JL I 1 Ttl | 

mUM.nO.TMUKiS, 

ruii.ic'u, 

tlCMT.PAUl, 

FUHJJFT.VAN 
) MHGCIJYM; 



/■ 
/• 
/• 
/• 
/♦ 
/ # 
/• 



0 

1 

2 

S 

4 

9 

6 

7 



r » 
/• * 
/• 
/• 
/• 
r 
r 
r 
r 



•/ 
v 
v 
•/ 
v 
•/ 
•/ 
•/ 
•/ 
•/ 



10 (yntuppofttd) •/ 

11 •/ 
M V 
1J V 
H V 
1$ •/ 
16 •/ 



•• us«r-t«l«ct«d type ©# th« k«y pr«tscd or 

V 

typ«fef «n» ktytypt.t 

* 

< 

TYPfJWtfSFOKtt. 
YYfl^SCAMJCfY, 
ftELCASC^SCAM JSY , 
TY«_ttVtJCtY, 

JMJ9CM1 
) fcfytyp»_t; 



cooMnd for Ifwge ctputrt 



typidtf m%M 

t 
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/• 

*vrpoeet OckMn* In W application. 
•• Oete: 10-05-9J 
Author* Ellon tu 
Ntitoryi 

01-31*94 Joyce Young, Chonotd the erc.eddr I dst_edrfr in 1KAC£_ATT»J es 

pointer 

02*25*94 Joyce Toung, Added Che fng_rui In tMAG£_ATT«J 
•• 04*01-94 Joyce Tour*, tupport KAHJI In nXtotwn 
12*19*94 (lion Tu, reraove earn unueed oeMne 

eifndof mjtnjt 

edeftne GP.OI'SJI 

einclude -Iwfl^defe.h" 
e include •ecencend.h" 

•define MULL 0 

id* fir* f AlSC 0 
Adeline HUE 1 

/• 

V 

•define xU 0*0002 
•define NIC 0*0200 
•define IKTI* 0*0008 
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The present invention has been described in terms 
of preferred embodiments. The invention, however, is not 
limited to the embodiments depicted and described. 
Rather, the scope of the invention is defined by the 
appended claims. 
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CLAIMS; 

1 l. A method of reducing smear in a rolled 

2 fingerprint image represented by a rolled image array, 

3 comprising the steps of : 

4 sequentially generating frames of an optical 

5 image signal which includes data values characteristic of 

6 light intensities of corresponding locations of an 

7 optical image, wherein the optical image includes a 

8 fingerprint image of a finger rolling on a surface; 

9 determining, for each frame of the optical 

10 image signal, a freeze column representing a line 

11 positioned between leading and trailing edges of the 

12 fingerprint image and oriented transverse to a direction 

13 of roll of the rolling finger; 

14 sequentially updating an interim array that 

15 is an accumulation of the frames of the optical image 

16 signal and characteristic of an interim image of a rolled 

17 fingerprint, a current update of the interim array being 

18 formed by reducing pixel values of the interim array by a 

19 portion of the difference between corresponding data 

20 values from a current frame of the optical image signal 

21 and the pixel values of the interim array if the 

22 corresponding data values of the current frame, of the 

23 optical image signal are less than the pixel values of 

24 the interim array; and 

25 generating the rolled image array by 

26 transferring portions of the interim array to the rolled 

27 image array, wherein the transferred portion of the 

28 current update of the interim array extends forward in 

29 the direction of finger roll from the freeze column 

30 determined from a preceding frame of the optical image 

31 signal that preceded the current frame of the optical 

32 image signal. 

1 2 . The method of claim 1 , wherein the 

2 transferred portion of the current update of the interim 
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array includes data characteristic of a portion of the 
interim image up to approximately the leading edge of the 
rolled fingerprint of the interim image. 

3. The method of claim 1, wherein the 
transferred portion of the current update of the interim 
array extends up to approximately the freeze column 
determined from the current frame of the optical image 
signal . 

4. The method of claim 1, wherein the freeze 
line represented by the freeze column determined from 
each frame of the optical image signal is positioned at 
least approximately half a distance in the direction of 
roll between the leading and trailing edges of the 
fingerprint image. 

5. The method of claim 1, wherein the freeze 
line represented by the freeze column determined from 
each frame of the optical image signal is positioned more 
than half a distance in the direction of roll between the 
leading and trailing edges of the fingerprint image. 

6. The method of claim 1, wherein a first 
transferred portion of the interim array extends rearward 
in the direction of finger roll from approximately the 
freeze column determined from a first frame of the 
optical image signals. 

7. The method of claim 6, wherein the first 
transferred portion of the interim array is 
characteristic of a portion of the interim image forward 
in the direction of roll from about the trailing edge of 
the first interim image. 
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1 8. The method of claim 1, further comprising 

2 initializing pixels in the interim array with maximum 

3 values . 

1 9. The method of claim 1, further comprising 

2 initializing the interim array with data values of a 

3 frame of the optical image signal. 

1 10. The method of claim 1, further comprising 

2 saving the rolled image array after transferring the 

3 portion of a final interim array to the rolled image 

4 array. 

1 11. The method of claim 1, further comprising 

2 displaying a rolled fingerprint image represented by the 

3 rolled image array on a display device as it is 

4 generated. 

1 12. The method of claim 11, further comprising 

2 decimating the transferred portion such that the rolled 

3 image array has fewer pixels than the interim array. 

1 13. The method of claim 1, wherein sequentially 



2 updating the interim array includes updating the interim 

3 array in real time as frames of the optical image signal 

4 are generated, and wherein generating the rolled image 

5 array includes transferring a portion of the interim 

6 array to the rolled image array in real time as the 

7 interim array is updated. 

1 14. The method of claim 1, wherein the 

2 transferred portions of the interim array are adjacent 

3 and non-overlapping. 
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1 15. A method of generating a rolled fingerprint 

2 image array characteristic of a rolled fingerprint image, 

3 comprising the steps of: 

4 generating a series of frames of an optical 

5 image signal characteristic of an optical image of a 

6 finger rolling on a surface at sequential times, wherein 

7 the frames include data, the value of each datum being 

8 characteristic of a light intensity of a corresponding 

9 location of the optical image of the rolling finger; 

10 determining a freeze column from each frame, 

11 wherein each freeze column is representative of a 

12 position between leading and trailing sedges of the 

13 corresponding optical image of the rolling finger; 

14 sequentially updating an interim array in an 



15 image memory with the frames as they are generated, the 

16 interim array being characteristic of an interim image of 

17 a rolled fingerprint that has a leading edge and a 

18 trailing edge, including first updating the interim array 

19 by transferring a first one of the optical image signals 

20 to the image memory, and then further updating the 

21 interim array by reducing pixel values of the interim 

22 array with a portion of the difference between 

23 corresponding data values of a current frame and the 

24 pixel values of the interim array if the corresponding 

25 data values of the current frame indicate a darker image 

26 than the pixel values of the interim array; 

27 associating the freeze columns determined 

28 from the frames with corresponding updates of the interim 



29 array; and 

30 sequentially updating the rolled fingerprint 

■ 

31 image array in an output memory with the updates of the 

32 interim array by sequentially transferring a portion of 

33 each update of the interim array to the output memory, 

34 including transferring a portion of the first update of 

35 the interim array that extends in a direction of finger 
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36 roll rearward from approximately the freeze column 

37 associated with the first updated interim array, and then 

38 transferring a portion of a subsequent update of the 

39 interim array that extends forward in the direction of 

■ 

40 finger roll from approximately the freeze column 

41 associated with a preceding update of the interim array. 



1 16. The method of claim 15, wherein the 

2 transferred portion for a subsequent update of the 

3 interim array extends forward only to the freeze column 

4 of the subsequently updated interim array. 

1 17. The method of claim 15, wherein the 

2 transferred portions of sequential updates of the interim 

3 array are adjacent and non- overlapping. 

1 18. The method of claim 15, wherein the 

2 transferred portions of sequential updates of the interim 

3 array are adjacent and do not overlap rearward in the 

4 direction of finger roll from the freeze column 

5 determined from the preceding optical image signal. 



1 19. A device for reducing smear in a rolled 

2 fingerprint image represented by a rolled image array, 

3 comprising: 

4 an imaging system for sequentially generating 

5 frames of a series of electronic signals characteristic 

6 of an optical image that includes a fingerprint image of 

7 a finger rolling on a surface; 

8 means for sequentially generating frames of 

9 an optical image signal in response to the electronic 

10 signals, each optical image signal including data, the 

11 value of each datum being characteristic of a light 

12 intensity of a corresponding locaticm of the optical 

13 image; 
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29 
30 



14 an image capture system responsive to the 

15 optical image signals for sequentially updating an 

16 interim array characteristic of an interim image of a 

17 rolled fingerprint that has a leading edge and a trailing 

18 edge, a current update of the interim array being formed 

19 from a preceding update of the interim array and a 

20 current frame of the optical image signal by reducing 

21 pixel values of the preceding update of the interim array 

22 with a portion of the difference between the 

23 corresponding data values of the current frame and the 

24 pixel values of the preceding update of the interim array 

25 if the corresponding data values of the current frame are 

26 characteristic of darker images than the pixel values of 

27 the preceding update of the interim array; 

28 means for determining, for each frame of the 
optical image signal, a freeze column representing a line 
positioned between leading and trailing edges of the 

31 fingerprint image and oriented transverse to a direction 

32 of roll of the rolling finger; and 

33 means for generating the rolled image array 

34 by transferring a portion of the current interim array to 

35 the rolled image array, wherein the transferred portion 

36 of the current interim array extends forward in the 

37 direction of finger roll from the freeze column 

38 determined from a preceding frame of the optical image 

39 signal that preceded the current frame of the optical 

40 image signal. 

1 20 • The method of claim 1, wherein the current 

2 update of the interim array F° is formed according to the 

3 relation: 

4 p° = p»-» _ R* (pa-i . jd) t 

5 where F" is a pixel value of the current update of interim 

6 array, F"" 1 is the pixel value of interim array, I" is the 
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7 corresponding data value of the optical image signal, and 

8 K is a factor less than or equal to one. 

1 21. The method of claim 20, wherein K is in a 

2 range of 0.25 to 0.5. 

1 22. The method of claim 20, wherein K is 

2 approximately 0.33. 
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